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RESSARCK  AKl)  DEVELOPMSIT  IN  SOVIET  NONFERROUS  METALLURGI 

/fhe  following  are  translations  of  portions  of  the  Rus¬ 
sian  book  lietallurgiya  S5SR>  1917-1957 >  (USSR  Metallur¬ 
gy,  1917-1957 edited  by  Acadeniician  I.  P.  Bardin,  and 
published  by  the  State  Scientific  and  Technical  Publish¬ 
ing  House  for  Literature  on  Ferrous  and  Nonferrous  Me¬ 
tallurgy,  Moscow,  195Sj7 


NONFERROUS  liETALLURGfr  DURING  THE  SOVIET  REOttlE 
THE  RESTORATION  PERIOD 
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Professor  S.  A,  Pervushin 
Doctor  of  Economic  Sciences 


Moscow  Institute  of  Nonferrous  i^etals  and  Gold  imeni  M.  I.  Kalinin 


The  nonferrous  metallurgy  of  pre-Revolutionary  Russia  was  one  of 
the  most  backward  branches  of  industry.  The  Great  October  Socialistic 
Revolution  established  the  conditions  for  rapid  development  of  nonfer¬ 
rous  metallurgy.  .  .  ■  j  • 

All  enterprises  of  nonferrous  metallurgy  were  nationalized  in 
the  period  from  May  to  October  1918.  Restoration  of  production  was 

started.  .  4.  j 

The  restoration  of  nonferrous  metallurgy  which  had  been  started 

was  interrupted  by  civil  war.  x  j  ^  iu  +  4.- 

The  nonferrous  mining  industry,  which  was  located  at  that  time 
chiefly  in  the  Urals,  in  Siberia,  and  the  Transcaucasus ,  was  almost  en¬ 
tirely  in  the  hands  of  counterrevolutionary  forces  and  interventionists 
and  was  destroyed  b^^'  them  to  a  considerable  extent. 

There  remained  at  the  disposal  of  Soviet  authority  a  few  pl^ts 
for  processing  nonferrous  metals  in  Leningrad,  Kol'chugina  (Vladimirska 
Oblast')  and  Tula;  they  too  were  in  a  state  of  decay. 

ar6  no  SLCCursito  figurss  on  th©  stat©  of  nonfBrrous  nist/sl** 
lurgy  in  this  period.  According  to  the  approximate  figures  of  Profes¬ 
sor  V.  Ye.  Potresov  the  production  of  copper  in  the  territory  of 

the  RSFSR  Russian  Soviet  Federated  Socialistic  Republic./  amounted  to: 
in  1918-2,053  tons,  in  1919-200  tons,  and  in  1920-about  2000  tons, 
while  lead  ^roduction7  was  respectively  89,  200,  and  300  tons. 

The  level  of  production  of  heavy  industry  in  1917-1920  changed 
as  follows: 
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Year  Level  of  Production  of  Heavy 

Industry,  Per  Cent 

100.0 

62.7 
34.5 

25.8 

13.8 

At  the  end  of  19-19  there  was  a  radical  change  in  the  course  of 
the  civil  war. 

The  Ninth  Party  Congress  recognized  the  necessity  of  the  compil¬ 
ation  and  unswerving  inclement ation  of  a  unified  economic  plan  for  the 
nation. 

On  the  basis  of  the  decisions  of  the  VIII  All-R\issian  Congress 
of  Soviets,  the  State  Plan  for  the  Electrification  of  Russia,  the  plan 
for  the  restoration  and  the  development  of  the  national  economy,  the 
plan  for  the  GOELRO  /Gosudarstvennaya  komissiya  po  elektrofikatsii 
Rissii  -  State  Commission  for  the  Electrification  of  Russia7 . 

According  to  this  plan,  which  was  calculated  for  allengthly 
period  (10-15  years),  the  smelting  of  copper  was  to  reach  60,000  tons 
and  aliaainum  10,000  tons,  A  large  increase  was  also  stipulated  in  the 
production  of  lead  and  zinc. 

In  carrying  out  the  plan  of  the  GOELRO,  the  first  item  was  the 
restoration  of  the  Kalatinskiy  Copper  Plant  in  the  Urals  which  began 
regular  production  of  copper  on -5  ilay  1922.  The  restoration  of  this 
plant,  like  that  of  the  majority  of  the  other  mining  and  metallurgical 
enterprises  of  nonferrous  motallurgj'-,  proceeded  under  exceedingly  dif- 
fic^^lt  conditions.  Likewise,  there  was  no  market  for  copper,  since  the 
military  stocks  of  copper  covered  the  small  demand  for  it.  Under  con¬ 
ditions  of  an  acute  crisis  in  production  "nobody  would  give  a  pood  of 
grain  for  a  pood  of  copper"  ^Translator ’ s  note:  A  pood  was  equival¬ 
ent  to  16.38  kilograms,  or  36  pounds7.  In  ^ite  of  difficult  conditions, 
the  plajit  was  restored  and  successfully  developed.  For  the  next  few 
years  (1923-1924)  this  plant  was  almost  the  only  supplier  of  copper  in 
the  nation.  At  the  same  time,  the  extration  of  ore  in  the  Northern 
Caucasus,  in  the  Sadon  tiincs,  aid  the  smelting  of  lead  from  it  in  the 
Alagir  Lead  Plant  were  restored. 

In  the  Urals,  the  small  Pyshma-Klyuchevskiy  Plant  of  the  Kara- 
bash  Copper  Smelter,  one  of  the  largest  plants  in  the  Urals,  was  re¬ 
stored  and  put  into  production  on  28  July  1925.  The  Tanalyk-Baymak 
Copper  Plant  in  Bashkiria  was  reopened  for  work  in March  1925.  A 
shaft  furnace  was  built  and  lead  was  smelted  on  a  small  scale  in  the 
Ekibastuz  Lead  Plant  whose  construction  had  not  been  completed  by 
concessionaires.  (^Sco  Note7'  Prom  ores  and  partial  concentrates  shipped 
in  from  Ridder) ,  The  restorationwork  was  accompanied  by  reconstruction. 
Thus,  for  exaii5)le,  the  processing  of  gold-bearing  ores  was  mastered  at 


1913 

1917 

1918 

1919 

1920 


the  Ridcler  Ore  Concentration  Plant.  An  ejqjerimental  electrolytic 

plant  was  f these  plants,  the  extraction 

of  ore  and  the  production  of  heavy  nonferrous  metals  was  increased^ 
markedly.  Thus,  the  smelting  of  crude  2Translator  s  note:  iresumably 
matte  copper7  copper  in  1924/1925  amounted  already  to  9,024  tons  com- 
SrS  with  1,758  tons  in  1922/19235  load--l,021  tons  coii?)ared  with  3^ 
tons;  and  zinc  1,492  tons  compared  with  18?  tons.  Howler,  the  absol¬ 
ute  levels  of  production  achieved  in  these  metals  was  still  very  low 
and  amounted  to  a  total  of  30  per  cent  of  the  pre-Rcvolutionary  level 
(1913)  for  copper,  40  per  cent  for  gold,  50  per  cent  for  zinc,  and  only 
the  level  of  production  of  load,  v/hich  had  been  negligible  up  to  the 
Revolution,  reached  8?  per  cent.  (/See  note/  The  figu^°s  for  zinc 
for  1913  were  given  only  for  the  Korth  Caucasus  Alagir  Plant,  excluding 


polan  groT^ng  demand  for  nonferrous  metals  was  covered  essentially 

by  imports  from  capitalistic  nations. 

Tho  turning  point  to  tho  devolopmont  of  the  restorative  process 
is  nonferrous  metallurgy  took  place  after  the  XIV  Party  Congress  (Dec¬ 
ember  1925)  —  the  Congress  for  industrializing  the  nation. 

The  XIV  Party  Congress  devoted  particular  attention  to  the  deve¬ 
lopment  of  nonferrous  metallurgy.  Electrification  of  the  nation,  the 
development  of  machine  building,  aviation  manufact^ing,  chemicals,  and 
other  branches  of  heavy  indsutry  could  hot  be  carried  out  without  sign¬ 
ificant  increases  in  the  production  of  nonferrous  metals. 

After  the  XIV  Congress,  the  Government  undertook  a  series  of 
measures  to  develop  non-ferrous  metallurgy— a  special  interdepartmental 
commission,  the  KOUTSVETJCTFOND  Abbreviation  not  known,  apparently  the 
Commission  on  Konferrous  Metals  Resource^  was  established  under  the 
Presidixmi  of  the  VSNKh  Jyyschly  Sovet  Narodnogo  Khozyaystva  Supreme 
Council  of  the  National  Economy,  and  a  fecial  ftind  was  set  up  to 


finance  it,  •,  ,»  1 

In  1925  a  resolution  was  adopted  concerning  the  renewal  of  work 
in  a  number  of  copper  plants  in  the  Urals  and  the  construction  of  the 
Krasnoural'sk  Plant  in  the  Urals,  and  the  Atbasar  and  Ridder  Plants  in 
Kazakhstan.  In  accordance  with  this  decree  /POSTANOVLEtJIl/  the  con¬ 
struction  of  a  hew  lead  plant  in  the  Altay  (pidder)  was  started,  the 
Karsakpay  Copper  Smelter  was  completed  on  the  base  of  rich  copper  ore 
from  Dzhezkazgan  and  the  Construction  of  the  new  Krasnoural'sk  Copper 
Plant  was  started  in  the  Urals.  All  this  lead  to  a  marked  growth  in  the 
extraction  of  ore  and  the  production  of  nonferrous  metals.  By  the  begin¬ 
ning  of  the  FIRST  FIVE-YEAR  PERIOD,  nonferrous  metallurgy  had  approached 
the  pre-Revolutionary  level  of  1913  even  though  it  had  not  reached  it. 
Thus,  in  1926-192?, the  production  of  crude  copper  amounted  to 
29,200  tons  as  canpared  with  31,100  tons  in  1913,  zince— 2,700  tons 
against  2,900  tons,  and  lead— 1,200  tons  against  1,500  tons,  (/see 
note/  Within  the  boundaries  of  the  USSR  (33,700  tons  of  copper  were 
produced  in  tho  whole  of  Russia). 
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Ths  restoration  period  in  nonforrous  metallurgy  required  con¬ 
siderably  more  time  than  it  didin  a  number  of  other  branches  of  indus¬ 
try  and  in  industry  as  a  vdiole. 

The  basic  reason  for  this  arc  the  following: 

1.  A  sharp  lag  in  the  raw  iii£,terials  base  vbich  was  at  an  even  ■ 
lower  level j  in  respect  to  the  absolute  size  of  reserves,  than  in  1913 
when  the  reserves  of  copper  in  the  deposits  were  estimated  at  627,^0 
tons  of  copper,  500,000  tons  of  lead,  and  1,100,000  tons  of  zinc  , 

2,  A  lack  of  skilled  workers  and  engineering-technical  personnel, 

3»  Difficulties  encountered  in  restoring  enterprises  in  remote, 

uninhabited  regions. 

The  levels  of  production  achieved  did  not  meet  thedomands  of  the 
nation,  which  were  covered  by  imports, 

THE  FIRST,  SECOND,  AND  THIRD  FIVE-YEAR  PLAlvS 

with  the  transition  tothc  five-year  plans,  the  history  of  the 
development  of  nonferrous  metallurgy  can  bo  arbitrarily  divided  into 
three  basic  periods:  the  period  of  the  prewar  five-yoariplans,  the 
years  of  j/orld  v/ar  II,  and  the  postwar  years. 

The  First  Five-Year  Plan  was  characterized  by  forced  development, 
of  heavy  industry,  in  the  first  instance,  machine  building.  The  largo 
growth  in  these  branches  of  industry,  in  particular  machine  building, 
made  great  demands  on  nonferrous  metallurgy.  Therefore,  extensive  con¬ 
struction  of  new  mines  and  plants  was  started  along  with  the  reconstru¬ 
ction  of  operating  enterprisos>lduring  the  first  Five-Year  Plan. 

A  total  of  about  1.5  billions  of  rubles  was  invested  in  nonfer¬ 
rous  metallurgy  in  the  First  Five-Year  Plan.  Investments  in  the  copper 
and  the  lead-zinc  branches  of  nonferrous  metallurgy  during  this  period 
were  7.4  times  the  total  of  capital  investments  in  those  branches  as  of 
1  October  1928.  In  particular,  largo  s^mls  wore  also  directed  into 
geological  prospecting  projects. 

In  the  period  from  1928-1932  extensive  prospecting  projects  in 
the  search  for  copper  wore  carried  out  in  Kazakhstan  (Kounrad,  Dzhoz- 
kazgan,  Altay),  and  in  the  Urals.  .  The  search  for  lead  and  zinc  was 
carried  out  in  Kazakhstan  (in  tho  Kara  Tau  iiountain  Range,  and  the 
mining  areas  of  the  Altay) .  • 

Raw  material  for  aluminum  was  developed  in  the  Tkhvin  Region 
(in  the  northwestern  part  of  the  European  USSR). 

As  a  result  of  tho  geological  prospecting  work  new  largo  reserves 
of  copper,  lead,  and  zinc  were  found.  The  reserves  of  copper  (in  cate¬ 
gories  A  +  B  •{•  C)  had  increased  in  1932  as  compared  with  1929  by  3.75 
times,  the  reserves  of  lead  by  1.5  times  and  tho  reserves  of  zinc  by 
2.7  times  /S/. 

During  the  First  Five-Year  Period  the  following  were  com;^ted 
and  put  into  operation:  the  Krasnoural * sk  Copper  Smelter  (l93l),  the 
zinc  plants  vdiich  use  retorts  for  recovering  the  metal  from  vapor  at 
Konstantinovka  in  tho  Ukraine  (1930),  at  Belovo  in  Western  Siberia 


-  4  - 


(1931),  the  Sshote-Alin'  Load  Plant  in  the  Far  East  (1932)  and  the  Vol¬ 
khov  Aluminum  Plant  (1932).  .  ,  .  j. 

In  the  period  1929-1932  copper  ore  consontration  plants  were  put 
into  operation  in  the  Urals  (Korovgrad,  Pyshma,  Krasnoural' sk)  and  in 

Kazakhstan  (Karsakpay).  ^  ..  ^  ..u  n  ti. 

Construction  was  begun  on  the  Cliimkent  Load  Plant  and  the  Bclk- 

hash  Copper  Smelter  Plant  in  Kazakhstan,  the  Chelyabinsk  Ainc  Plant, 
the  Dneprovsk  Aluminum  Plant,  the  Ufeley  Nickel  Plant,  and  others. 

During  these  years  the  technological  level  of  nonferrous  metal¬ 
lurgy  also  rose  markedly.  Operating  enterprises  were  reconstructed  to 
a  largo  extent.  Ifenual  drilling  was  largely  replaced  by  mechanized 
(iriXling.  Ore  lifting  was  mechanized  inalmost  all  shafts,^  Dressing 
of  nonferrous  metal  ores  was  widely  introduced,  which  permitted  the  ex¬ 
ploitation  of  lean  ores  in  copper  and  lead-zinc  deposits.  Roverbera- 
tivc  smelting  was  introduced  in  copper  metallurgy  in  the  Krasno^al  sk 
and-npartially  in  the  Kalatinskiy  (Korovgrad)  and  the  Karabash  Plants. 
Establishing  an  industry  in  the  rare  metals  and  hard  alloys  was  stated 
in  the  First  Five-Year  Plan.  The  production  of  aluminum  from  bauxite 

was  mastered  in  1932.  j.^  v  • 

During  the  First  five-Year  Plan  tho  production  of  an  the  basic 
nonferrous  metals  increased  by  several  times.  The  production  of  copper 
in  1932  (45,CX)0  tons)  was  2.4  times  greater  than  in  1927-1928,  and  1.5 
times  the  1913  level.  The  production  of  lead  rose  respectively  by  8.1 

and  15  times,  and  zinc  by  6.2  and  4.4  times.  n  i 

8y  the  end  of  tho  First-Five-Yoar  Plan  Period  the  absolute  level 
of  copper  production  of  copper,  lead,  and  zinc  in  the  USSR  was  a  frac¬ 
tion  ^iterally  several  times  loweiy  than  in  the  United  States  and  in 
other  capitalist  countries. 

The  following  factors  exerted  a  negative  effect  on  the  develop¬ 
ment  of  nonferrous  metallurgy  diiring  these  years. 

The  first  factor  was  the  noncompletion  of  tho  restoration  pro¬ 
cess,  which  was  continued  up  to  1929-1931*  Thus,  for  example,  one  of 
the  largest  Altay  manes,  at  Zyryanovsk,  was  flooded  and  ruined  by  con¬ 
cessionaires,  was  pumped  out  and  restored  at  the  end  of  1931,  and  was 
put  into  operation  only  in  February  1932. 

The  second  factor  was  the  sharp  nonfulfillment  of  the  scheduled 
dates  for  new  construction  and  the  commissioning  of  new  projects  as 
stipulated  by  the  plan  £ 3_7  • 

The  lag  in  capital  cons  truction  is  explained  bj'  the  scattering 
of  capital  investments  among  several  projects  ^it orally  object^,  tho 
discrepancy  between  the  material  resources,  (particularly  ^  acute  short¬ 
age  of  inqjorted  equipment)  available  and  the  amount  of  capital  construc¬ 
tion  specified  by  the  plan.  _  .  « 

The  third  factor  was  imperfect  technology  in  tho  processing  of 
ores  and  the  concentration  of  nonferrous  metals,  as  a  result  of  vfliich 
the  losses  in  metal  during  processing  of  ores  amounted  to  40-45  per 
cent  for  copper,  45-50  per  cent  for  zinc,  and  more  than  50  per  cent 
for  lead. 
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Finally,  thero  was  a  serious  shortage  of  workers,  who  were 
poorly  skilled  and  had  a  high  turnover.  Thus,  for  exan^jle,  at  Ridder 
in  I93I-I932,  the  personnel  on  hand  changed  four  times  a  year.  The 
level  of  production  of  nonfcrrous  metals  achieved  in  1932  was  far  from 
covering  the  growing  demands  for  them,.  The  relationship  between  pro¬ 
duction  and  the  actual  consvnjiption  of  the  basic  ononfcrrous  metals 
(in  thousands  of  tons)  at  the  beginning  and  the  end  of  the  First  Five- 
year  Plan  are  presented  in  Table  1, 


TABLE  1 


Metals 

192B 

-  1929 

1932 

Consunption 

Production 

Comsumption 

Production 

Copper 

55.0 

35.5 

69.9 

45.0 

Lead 

50.0 

5.5 

47.1 

18.7 

Zinc 

37.0 

3.0 

31.0 

13.7 

Aluminum 

— 

17.7 

0.9 

Thus,  in  1932,  the  coverning  of  consumption  through  imports 
amounted  to:  about  36  per  .cent  for  copper,  about  56  per  cent  for  zinc, 
and  60  per  cent  for  lead. 

In  the  Second  Five-Year  Plan,  vrfiich  had  the  established  task  of 
completing  the  technological  reconstruction  of  the  national  economy  of 
the  USSR  and  the  extensive  mastery  of  new  technology  and  new  production 
it  was  essential  to  achieve  a  more  rapid  ten^jo  in  the  further  growth 
of  production  of  nonferrous  metals.  The  consumption  of  nonferrous 
metals  in  1937  as  compared  with  1932  was  to  increase:  3.65  times  for 
copper,  3.77  times  for  lead,  4  tiu^es  for  zinc,  and  2.41  times  for 
aluminm  AJ. 

In  accordance  with  the  resolutions  of  the  SVII  Congress  of  the 
VKP(b)  /Vsesoyuznaya  Koramunisticheskaya  Partiya  (bol'shevikov)  -  All, 
Union  Communist  Party  (BolshovksJ/  in  respect  to  the  Second  Five-Year 
Plan,  the  tempo  of  growth  in  the  production  of  copper,  lead,  and  zinc 
was  sot  higher  than  for  other  branches  of  the  national  economy.  Thus, 
with  a  general  growth  of  industrial  production  of  2.1  times,  cast  iron 
of  2.6  times,  stell  of  2.9  times,  the  production  of  copper  was  to  in¬ 
crease  by  3  times,  lead  by  6.2  times,  and  zinc  by  6.5  times. 

In  order  to  ensure  such  a  large  growth  of  the  production  of  non- 
ferrous  metals,  it  was  essential  to  expand  the  raw  materials  bases 
materially.  To  obtain  a  preliminary  prepar?.tion  for  an  ^xpansior^ 
in  minerals,  the  teiipo  of  growth  in  _^iscovered7  geological  reserves 
should  be  markedly  greater  than  the  tempo  of  development  of  the  industry. 
At  the  same  time,  the  task  was  established  of  a  material  increase  in 
the  thoroughness  of  prospecting  of  known  geological  reserves  by  tra,ns- 
f erring  reserves  of  the  C2_  and  the  Cg  Categories  into  higher  categories. 


To  realize  these  goals  large  funds  were  invested  in  geological  pros- 
ncctine.  As  a  result  of  the  work  done  in  just  the  first  two  ye^s  of 
the  Second  Five-Year  Period,  the  copper  reserves  xn  the  deposits  wore 
increased  from  .13;6  millions  of  tons  (1932)  to  16.95, milUons  of  tons 
with  an  increase  in  the  share  of  resoles  of  Categories  A  -  B  in  the 
total  reserves  from  25.2  per  cent  (1932)  to_47.7  P^t  (1934). 
lead  reserves  increased  during  the  same  period  from  3.17  milUons  of 
tons  to  4.46  millions  of  tons,  and  zinc  from  6.58  to  8.8  millions  of 
tons.  In  contrast  with  copper,  the  basic  increase  in  reserves  was  ac¬ 
complished  here  through  a  growth  in  reserves  in  Category  C^,,  in  whicn 
connection  the  share  of  reserves  of  the  A  -  B  Categories  decrease 
somewhat;  from  29.2  to  25.8  per  cent  for  load  and  from  29.6  to  28.8 
for  zinc  [ij .  There  was  also  an  increase  in  the  reserves  of  bauxite 

and  nickel.  .  . 

Along  with  a  large  increment  in  the  reserves  in  previously , dis¬ 
covered  deposites,  the  large  Blyava  deposit  of  copper-bearing  pyrites 
in  the  Orsk  Region  t'^J  s^nd  others.  In  the  case  of  lead  the  reserves 
were  increased  by  the  mining  areas  of  the  Altay,  especiany  in  the  Rid- 
der  mining  region,  and  also  in  the  Tetyukhe  region  (Far  Aast; . 

It  should  be  noted  that  during  the  last  three  years  of  the  Second 


Five-Year  Period  the  increment  of  reserves  slowed  down. 

The  expansion  of  the  raw  materials  base  was  accon?)aneid  by  a 
simultaneous  increase  in  capital  investments  in  nonferrous  metallurgy, 
including  mining  and  ore  dressing  in  the  total. 

About  1.5  billion  rubles  was  invested  in  the  nonferrous  metals 
industry  in  the  First  Five-Year  Peiuod,  but  4.0  billion  rubles  was  to 
be  invested  in  the  Second  Five-Year  Plan.  , 

Construction  wa  s  continued  on  the  Chimkent  Lead  Plant  in  the 
Kazakh  SSR,  the  Chelyabinsk  Zinc  Plant,  and  the  Dneprovsk  Aluminum  and 
tiagnesium  Plants  in  the  Ukrainian  SSR,  and  the  construction  of  a  number 
of  new  mines,  concentration  plants  was  caivied  out:  the  Suvcroural'sk 
bauxite  mines,  the  Sredneural'sk  and  Balkhash  Copper  Smelters,  the 
Blyava  (Mednogorsk)  Copper-Sulfur  Plant,  the  Noril'sk  and  konche-Tundrsk 
Copper-Nickel  Combines,  the  large  Leninogorsk  Flotation  and  Ore  Concen¬ 
tration  Plants  and  a  vdiole  series  of  other  mines  and  plants. 

As  a  result  of  the  completion  of  new  construe  tion  during  the 
Second  Five-Year  Period,  the  following  were  put  into  oper?>tion:  the 
Chimlcent  Lead  Plant  and  a  number  of  mining  and  ore  dressing  enterprises 
in  Southern  Kazakhstan  and  the  Central  Asian  Republics  wiiich  supply  it 
with  raw  materials j  the  Dneprovsk  aluminum,  magnesium,  and  electrode 
plants;  the  Chelyabinsk  Electrolytic  Zinc  Plant;  the  Ufaley  Nickel^ 

Plant  (in  the  Urals):  a  large  mining  and  ore  dressing  tin  combine  in 
Eastern  Siberia;  and  a  number  of  other  largo  enterprises  of  nonferrous 


metallurgy.  x 

the  extraction  of  bavixite  from  the  lirge  Severoural’sk  bauxite 


mines  began  in  1934. 
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The  new  mines  and  plants  which  wore  put  into  operation  in  the 
Second  Five-Year  Plan  were  greatly  superior  in  capacity  to  the  enter¬ 
prises  of  pre-Revolutionary  times.  Thus,  the  20  operating  copper 
smelters  produced  a  total  of  32,000  tons  of  crude  copper,  but  the 
seven  copper  plants  in  operation  in  1937  bad  a  total  capacity  of  about 
140,000  tons  of  copper.  The  same  thing  is  true  of  the  load-zinc  indus- 
try. 

In  order  to  raise  the  technological  level  in  this  branch  of 
industry  and  the  development  of  now  progressive  technological  proced¬ 
ures  and  the  complex  processing  of  raw  materials,  a  number  of  branch 
scientific  research  institutes  were  established;  the  State  Scientific 
Research  Institute  for  Monferrous  Metals  (GINTsVETiflST) :  the  State 
Scientific  Research  Institute  for  Rare  Metals  (QIREDiiET)j  and  also 
institutes  for  planning:  GIPROTsVETMET  /tosudarstvennyy  institut 
proycktirovaniya  predpriyatiy  promyshlennosti  tavetnykh  metallov  - 
State  Institute  for  the  Planning  of  Nonferrous  Metal  Processing  Plant^/ 
GIPR^IKEL'  j^bbroviation  not  known,  presumably  State  Institute  for  the 
Plajnning  of  Nickel  Processing  Plants/,  GIPROALYulyilNIY  /Abbreviation  not 
known,  presumably  State  Institute  for  the  Planning  of  Aluminum  Proces¬ 
sing  Plants/;  and  others. 

In  order  to  train  skilled  specialists  for  nonferrous  metallurgy 
a  number  of  special  institutions  of  higher  learning  wore  established; 
in  particular,  the -Moscow  Institute  of  Nonferrous  Metals  and  Gold  imeni 
M.  I,  Kalinin;  the  liining  and  Metallurgical  Institute  in  Ordzhonikidze; 
a  number  of  technical  schools  /TEKHNIKY>ff7>  and  other  training  estab¬ 
lishments. 

By  the  end  of  the  Second  Five-Year  Plan  (1937)^  nonferrous 
metallurgy  attained  a  level  of  annual  production  which  exceeded  the 
maximum  pre-Revolutionary  level  in  copper  production  by  several  times, 
and  in  lead  and  zinc  production  by  several  tons  of  times.  In  1937 
the  smelting  of  copper  reached  92,000  tons  of  electrolytic  copper  and 
99>000  tpns  of  erode  copper,  lead  —  63}000  tons,  zinc  — ■  78>000  tins. 
The  production  of  aluminum  amounted  to  37>700  tons  against  900  tons 
in  1932  /"lJ7. 

Now  branches  of  nonferrous  metallurgy  were  established:  alumi¬ 
num,  magnesium,  nickel,  tungsten,  hard  alloys,  and  others. 

Along  with  the  large  quantitative  growth  in  nonferrous  metal¬ 
lurgy  in  the  Second  Five-Year  Period,  it  was  radically  reconstructed 
technologically.  In  the  field  of  ore  dressing  this  period  was  marked 
by  the  construction  of  new  large  plants,  basically  mechanized  flotation 
plants  with  the  introduction  of  selective  flotation;  in  the  field  of 
metallurgy  -  a  transition  to  more  progressive  procedures  in  technolo¬ 
gical  processes:  reverberatory  smelting  in  copper  production,  the 
electrolytic  in  place  of  the  retort  method  of  zinc  production.  In 
1937  the  share  of  the  copper  obtained  in  reverberatory  furnaces  reached 
almost  60  per  cent,  the  relative  share  of  zinc  obtained  by  the  elgctro- 
lytic  method  was  51  per  cent,  that  is,  higher  than  in  the  United  States 
(42  per  cent) . 
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The  technological  reconstruction  in  mining  was  shown  in  the  mech¬ 
anization  of  mining  work,  loading  work,  surface  and  subterranean  haul¬ 
ing,  water  removal,  lifting  and  other  operations,  ,  ,,  i  j  + 

The  technological  reconstruction  of  nonferrous  netallur^  led  to 
a  significant  improvement  in  the  basic  technological-economic  indices 
of  the  work  of  its  enterprises,  a  large  reduction  in  losses  incurred 
during  ore  dressing  and  in  metallurrical  processes.  Thus,  the  mctall^- 
eical  recovery  of  copper  in  shaft  /furnac^smelting  was  raised  from  73 
per  cent  in  1932  to  90.4  por  cent  in  1937.  For  reverberatory  smelting 
(in  the  copper  smelters  of  the  Urals)  the  recovery  of  copper  rose, 
respectively,  from  70  to  93.3  per  cent.  The  daily  production  from  a 
shaft  furnace  during  the  same  period  rose  from  28.5  tons  to  54,^  tons 
per  square  meter  (cross  section  in  the  tuyere  region).  In  reverbera¬ 
tory  smelting  the  daily  production  of  unroasted  concentrate  per  square 
meter  of  hearth  was  also  increased  more  than  two  fold — fI^^m  1.2  tons  in 

1932  to  2,3  tons  in  1937.  i 

Losses  in  tho  ore  concentration  plants  and  the  metallurgicax 

plants  of  the  lead-zinc  industry  were  markedly  reduced. 

However,  even  by  the  end  of  the  Second  Five-Year  Plan,  the  non- 
ferrous  metallurgy  of  the  USSR  still  did  not  satisfy  tho  rapidly  grow¬ 
ing  consumption  of  the  nation,  and  in  1937  a  considerable  quantity  of 

nonferrous  metals  was  imported.  _  _  .  nd  cr\r\ 

according  to  published  figures  flj  on  foreign  trade,  78,500 
tons  of  different  nonferrous  metals  were  imported  in  1935  at  a  total 
cost  of  118.2  million  rubles,  84,900  tons  in  1936  for  I56  million  ru¬ 
bles,  and  101,061  tons  during  the  first  nine  months  of  1937  for  a  total 
of  209.8  million  rubles.  In  particular,  in  just  the  first  nine  months 
of  1937,  the  inportation  of  copper  amounted  to  50,700  tons  and  lead 
29,600  tons.  Importations  of  zinc  (2,887  tons)  and  aluminum  (8O7  tons) 
were  sharply  curtailed  in  1937 .  The  nation  was  essentially  freed  from 
importation  of  zinc  and  alximinum, 

Tho  Balkhash  and  tho  Sredneural'sk  Smelters  were  not  put  in  to 
operation  in  tho  Second  Five-Year  Plan.  The  existing  production  capa¬ 
city  was  far  from  being  fully  utilized:  the  losses  of  metal  in  pro¬ 
cessing  were  still  large:  and  the  polymetallic  ores  were  not  used  in 
a  sufficiently  complex  manner. 

On  the  Basis  of  the  resolutions  of  the  X7III  Party  Congress, 
the  Third  Plan  for  the  development  of  the  "liational  Economy  and  Industry 
(1938-1942)  was  established,  and,  in  particular,  a  plan  for  the  further 
development  of  nonferrous  metallxxrgy . 

Cto  tho  field  of  the  nonferrous  metals  industry  the  SVIII  Party 
Congress  set  the  task  of  increasing  the  production  of  nonferrous  metals 
to  such  levels  as  would  staisfy  the  rapidly  growing  consumption  of  the 
national  economy  and  the  na.tional  defense.  In  accordance  with  this, 
the  Third  Five-Year  Plan  provided  th  -t  tho  production  of  crude  copper 
in  1942  should  be  increased  2,8  times,  and  aluminum  no  loss  than  4 
times  (in  c&mparison  with  1937).  ^  largo  increase  in  production  was 

mapped  out  for  load,  zinc,  tungsten,  and  molybdenum. 
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Iri  tho  Third  Five-Year  Plan  for  the  development  of  nonferrous 
metallurgy  a  great  deal  of  attention  was  devoted  to  the  complex  utili¬ 
zation  of  raw  materials  and  reduction  of  losses  in  the  processing  of 
ores . 

The  Balkhash  Copper  Smelter  and  the  Yuzhnoural'sk  Nickel  Plant 
was  started  to  work  in  I93S4 

In  1939  the  Ural'sk  Altuninum  Plant,  built  on  the  basis  of  the 
Scveroural ' sk  bavucLtc  deposits,  was  put  into  operation;  the  Sredneu- 
ral'sk  Copper  Plant  and  the  Mednogorsk  Copper-Sulfur  Plant  started 
work,  and  the  very  large  new  flotation  plant  at  Leninogorsk  and  a 
number  of  other  enterprises  also  started  work* 

The  industry  concerned  with  small-scale  and  rare  metals  saw  a 
significant  development  in  the  period  from  1938  to  1941. 

In  1940  the  USSR  occupied  one  of  the  leading  places  in  the 
world  in  the  production  of  nonferrous  metals,  .  However,  by  tho  begin¬ 
ning  of  World  War  II  the  absolute  level  of  production  of  nonferrous 
metals  was  inadequate  and  did  not  cover  the  growing  requirements  of 
the  nation,  its  national  economy  and  defense, 

THE  PERIOD  0?  WORLD  WAR  II 

During  the  years  of  World  War  II  nonferrous  metallurgy  developed 
under  very  severe  conditions. 

The  devclopaent  of  the  war  industries  increased  the  needs  for 
nonferrous  metals.  Moreover,  the  production  capacity  of  nonferrous 
metallurgy  was  decreased  during  the  first  years  of  the  war. 

tho  Dneprovsk  and  Volkhov  Aluminum  Plants  wore  put  out  of  com¬ 
mission,  along  with  the  Dneprovsk  itagnesiura  Plant,  the  Severonikel’ 
Northern  Nickel7  Plant,  the  Tyrnyy  Auz  Tngston-Molybdoniaj  Combine,  the 
Nikitovskiy  Morepry  Combine,  the  Lead-Zinc  Combine  in  tho  Northern 
Caucasus,  the  Zinc  Plant  in  Konst antinovka  (Ukrainian  SSSR),  and 
others. 

The  large  amount  of  new  construction  was  undertaken  in  the  eas¬ 
tern  regions  of  tho  nation  under  severe  war  conditions.  In  a  very 
short  time,  nonferrous  rolling  plants  whose  capacity  surpassed  the 
prewar  level  were  built  in  the  Urals  and  in  Kazakhstan  on  the  base  of 
evacuated  equipment  and  the  maximum  use  of  available  production  space 
in  local  enterprises. 

During  the  war  years  great  progress  was  achieved  in  the  alumi¬ 
num  industry  due  to  an  increase  in  production  capacity  and  improvement 
in  the  operation  of  existing  equipment  (Ural'sk  Aluminum  Plant).  The 
raw  naterials  and  the  power  bases  of  the  al\iminun  industry  were  marked¬ 
ly  expanded,  and  the  capacity  of  the  Scveroural ' sk  bauxite  mines  was 
increased.  The  construction  of  an  aluminum  plant  in  Western  Siberia 
was  started  and  the  first  stage  of  tho  plant  was  put  into  operation  in 
1943  (Stalinskiy  Plant), 
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At  the  same  time,  a  second  large  aluminum  plant  was  built  in 
the  northern  part  of  the  Urals  (Bogosloskiy)  which  began  to  produce 
metal  on  9  May  1945 .  In  the  Kirgiz  SSR  a  mercury  combine  built  on  the 
base  of  the  Khaydarkan  mercury  deposits  was  put  into  operation. 

The  capacity  for  production  of  tungsten  and  nickel  by  the  end 
of  the  war  markedly  exceeded  the  prewar  capacity  and  the  capacity  of 
the  tin  mines  and  plants  in  the  northeastern  part  of  the  USSR  was 
markedly  expanded. 

The  gross  production  of  nonforrous  metallurgy  (including  the  ex¬ 
traction  of  ores)  was  greater  in  1945  than  in  1940,  even  though  indus¬ 
try  as  a  whole  had  declined  in  tliis  period  £‘ kj •  Ihe  production  of 
aluminiin,  and  magnesiuia,  tungsten,  and  nickel  had  shown  a  special  in¬ 
crease  and  the  production  of  copper,  lead,  and  zinc  had  declined. 

After  the  XVIII  Party  Congress,  geological  prospecting  projects 
were  extensively  developed  in  all  the  basic  regions  of  the  nation,  but 
the  plan  for  the  conversion  of  known  reserves  into  higher  categories 
and  the  preparation  of  raw  materials  and  extraction  were  not  fulfilled, 
vdiich  hampered  the  development  of  the  extraction  of  ores  in  1941-1942. 

The  growth  on  the  production  of  nonferrous  metallurgy  during 
World  vfer  II  could  not,  of  course,  wholly  satisfy  the  nation's  growing 
needs  for  nonferrous  metals  during  those  years j  and  imports  from  abroad, 
particularly  in  articles  made  of  nonferrous  metals,  reached  significant 
properations . 

The  development  of  nonferrous  metallurgy  during  World  War  II  was 
possible  due  to  the  large  amount  of  capital  construction  in  the  eastern, 
rear  regions  of  the  nation  and  also  due  to  the  greo.t  amount  of  geologi¬ 
cal  prospecting  work  in  these  regions. 

Copper  prospecting  projects  were  carried  out  successfully  in  the 
Dzhezhazgan  deposits  and  ass  a  result  sections  of  the  deposit  which 
were  more  rich  in  copper  were  discovered  for  priority  processing.  Many 
new  deposits  of  a  number  of  nonferrous  and  rare  metals  were  discovered 
and,  as  a  result  of  speedily  conducted  prospecting  work,  the  reserves 
of  tiingsten  and  molybdenum  wore  significantly  increased  (Kazakh  SSR, 
Eastern  Siberia), and  of  tin  (the  northeastern  part  of  the  USSRO,  and 
of  bauxite  (Western  Siberia),  and  others. 

As  Soviet  troops  moved  to  the  west  and  liberated  temporarily 
occupied  territories,  riuned  industrial  enterprises  were  restored  in 
con^jaratively  short  periods,  including  mines  and  plants  belonging  to 
nonferro\is  metallurgy  in  Ukrainia,  the  Northern  Caucasus,  and  in  the 
Northwestern  regions  of  the  nation. 

THE  FOURTH  FIVE-YEAR  PLAN 

After  the  victorious  conclusion  of  World  War  II,  the  Party  and 
the  government  established  the  task  of  restoring,  during  the  next  Five- 
Year  Plan  (1946-1950),  not  only  those  regions  of  the  nation  vAiich  had 
suffered  during  the  wa.r  and  regaining  the  prewar  level  of  industry  and 
agriculture,  but  also  surpassing  that  level  to  a  significant  extent. 


-  11  - 


In  the  law  of  the  Five-Year  Plan  for  1946-1950  were  defined  the 
tasks  for  the  development  of  nonf errous  metallurgy  and  the  tempos  and 
level  of  production  in  1950. 

In  accordance  with  this  plan,  the  production  of  copper  should 
be  increased  1,6  times  in  the  Five-Year  Plan,  aluminum  2.0  times,  and 
magnesium  2.7  times,  lead  2.9  times,  zinc  2.5  times,  tungsten  concen¬ 
trate  4.4  times,  molybdenum  concentrate  2.1  times,  tin  2.7  times,  and 
nickel  1.9  times. 

In  order  to  ensure  such  a  growth  in  production,  the  plan  stipu¬ 
lated  increasing  the  capacity  of  mines,  concentration  plants,  and  me¬ 
tallurgical  plants  in  existing  enterprises,  and  also  the  construction 
of  anumber  of  new  enterprises. 

In  the  copper  industry  the  principal  object  of  construction  in 
this  Fivd-Year  Period  was  the  Dzhezkazgan  Combine  (^ee  Not_^  As  yet 
consisting  of  mines  and  ore  concentration  plants).  In  the  lead-zinc^ 
industry  the  Five-Year  Plan  devoted  special  attention  to  t  he  industrial 
development  of  the  mountainous  areas  of  Alt ay.  The  Five-Year  Plan  set 
large  tasks  for  the  aluminum  industry  and  also  the  rare  metals  industry . 

The  capital  investments  in  nonferrous  metal  industries  were  set 
at  12  billion  rubles  for  1946-1950  against  7.5  billion  rulbles  (by  plan) 
for  the  Third  Five-Year  Plan,  4  billion  rubles  for  the  Second  Five-Year 
Plan,  and  1,5  billion  rubles  for  the  First  Five-Year  Plan. 

The  Foiurth  Five-Year  Plan  was  fulfilled  by  industry  as  a  whole 
ahead  of  time — in  four  years  and  three  months. 

By  the  end  of  1950  marked  progress  had  been  achieved  in  nonfer¬ 
rous  metallurgy,  too.  As  a  result  of  the  construction  of  new  mines, 
ore  concentrations  plants,  and  also  improvement  in  the  work  of  operat¬ 
ing  enterprises,  the  production  of  copper,  alimiinum,  nickel,  lead,  zinc, 
and  other  nonferrous  and  rare  metals  surpassed  the  pre-war  level  by 
significant  amounts.  The  production  of  copper  in  1950  surpassed  the 
1945  level  by  83  percent,  the  production  of  zinc  and  lead  was  increased 
respectively  by  2.32  and  2.38  times.  The  production  of  aluminum, 
magnesium,  tungsten,  and  tin  rose  markedly. 

The  plan  for  production  of  nonferrous  metals  was  not  fulfilled 
for  certain  metals,  for  example,  for  lead. 

The  absolute  levels  of  production  achieved  in  1950  were  far  from 
satisfying  the  needs  of  the  nation,  especially  in  respect  to  copper, 
lead,  aluminum,  and  molybdenum.  Therefore,  the  directives  of  the  XIX 
Party  Congress  in  regard  to  the  Fifth-Five-Year  Plan  (1950-1955),  like 
those  in  regard  to  previous  plans,  outlined  a  more  rapid  tempo  in  the 
growth  of  production  of  nonferrous  metals  as  compared  with  a  number  of 
other  branches  of  ihdustry.  With  a  general  growth  of  70  per  cent  in 
industrial  production  in  the  Five-Year  Period,  the  following  ten^ios  of 
growth  in  production  were  outlined  for  nonferrous  metallurgy:  90  per 
cent  for  copper,  2,5  times  for  zinc,  not  less  than  2.6  times  for  alum- 
inunu  2.7  times  for  lead,  1.8  times  for  tin,  and  1,53  times  for  nickel 


In  the  Fifth  Five-Year  Plan  a  great  deal  of  attention  was  devoted 
to  raising  the  technological  level  of  productionj  the  further  mechaJiiza— 
tion  of  mining  and  laborious  work^  the  automatization  and  intensifica¬ 
tion  of  production  processes,  increasing  the  complex  use  of  ores  and  the 
extraction  of  all  metals  from  them. 

Figures  on  the  development  of  the  production  of  nonferrous  metals 

are  presented  in  Table  2, 


TABLE  2 


1955,  Per  Cent  of 
1950  -  1955 


Total  production  of  nonferrous  metallurgy  195.0 
Which  includes 

Refined  copper  153.0 
Lead  230.0 
Zinc  200,0 
Aluminum  280,0 
Nickel  137.0 
Tin  - 


jj^ranslator '  s  Note:  The  column  heading  is  not  clear,  presumably 
means  the  increase  from  1950  to  195^.  The  plan  for  the  production  of 
aluminum  in  the  Fifth  Five-Year  Plan  was  overfiilfilled,  the  increase 
being  2.8  times  instead  of  2.6  times,  but  was  not  fulfilled  in  the  pro¬ 
duction  of  certain  other  nonferrous  metals. 

Technological— economic  indices  were  markedly  improved  in  the 
Fifth  Five-Year  Period, 

In  many  mines  with  underground  methods  for  extracting  ores,  that 
is,  more  laborious  methods,  labor  productivity  was  materially  increased. 
Indices  of  the  increase  in  labor  productivity  are  given  in  Table 

In  a  ntimber  of  mines  the  specific  e:iq>enditures  of  materials  and 
the  production  costs  per  ton  of  ore  were  reduced  and  the  percentage  of 
depletion  was  decreased  (for  example,  in  the  Degtyarsk  M.ne  from  16.0 
to  7.4  per  cent),  kechanization  of  the  basic  production  processes  and 
loading  onto  railroad  cars  rose  significantlyl 

In  the  Dzhezkazgan  liine,  with  complete  mechanization  of  drilling, 
mechanization  of  hauling  from  cleared  workings  increased  from  63  to  95.5 
per  cent  in  the  Fifth  Five-Year  Period,  that  of  removal  of  rock  during 
the  cutting  of  passageways  from  34  to  83.5  per  cent,  underground  haul¬ 
ing  from  80  to  96  per  cent  and  surface  hauling  from  '?9  to  98  per  cent. 
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TABiE  3 


J^ame  of  Mine  Labor  Productivity,  in  Cubic  Ifeters 


n — 

Per  Man  Per 

Per  Worker  in 

Per  Man  Per 

Per,  Worker  ii 

Shift 

Stope 

Shift 

Stope 

Krasnoural’ sk 

0.28 

1950 

1.17 

0.36 

1955 

1.58 

Dzhezkazgan 

0.90 

2.21 

1.53 

4.85 

Leninogorsk 

0.46 

1.04 

0.66 

1138 

Achisay 

0.37 

0.61 

0.59 

1.13 

There  are  also  important  changes  in  the  geographical  distribu¬ 
tion  of  nonferrous  metallurgical  enterprises,  principally  in  a  movement 
to  the  east.  The  shift  began  even  in  the  Third  Five-Year  Period  (193S- 
1942),  was  intensified  diiring  World  V/ar  II,  and  achieved  further  inten¬ 
sive  development  in  the  postwar  years. 

Construction  was  carried  out  on  a  number  of  new  large  plants  of 
the  lead-zinc  industry  in  the  mining  areas  of  the  Altay  (the  Ust'-Ka- 
menogorsk  Polymetals  Combine)  and  in  Central  Asia  (on  the  base  of  the 
large  Altyn-Topkan  deposits):  the  tin  industry  is  achieving  further 
development  in  the  Par  East;  new  copper  deposits  are  being  opened  in 
the  Urals  (Bashkir  ASSR)  and  in  Central  Asia  (Alraalyk  deposit).  Alumi¬ 
num  production  is  being  developed  in  the  East. 

The  recovery  of  metals  in  ore  dressing  and  in  metallurgical  pro¬ 
cesses  was  increased  somevdiat  in  individual  nonferrous  metallurgical 
enterprises  in  the  Five-Year  Period  6_7 . 

Reduction  of  the  recovery  indices  in  some  ore  concentration 
plants  is  eaqilained  by  a  deterioration  in  the  quality  of  the  raw  mater¬ 
ial — partial  use  of  oxidized  and  mixed  ores  along  with  sulfide  ores. 

The  com;33X  use  of  polymetallic  and  chalcopyrite  ores  was  also 
increased. 

In  the  Ust ' -Kamenogorsk  Polymetals  Combine  up  to  12  valuable 
components  are  recovered  from  the  ores  in  the  form. of  pure  metals  and 
their  semi-finished  goods  and  sulfur  in  the  form  of  sulfiric  acid.  In 
the  "Eielctbrtsink"  Plant  up  to  11  conponents  arc  recovered,  in  the 
Leninogorsk  Plant  up  to  9  components.  Many  enterprises,  including 
some  copper  plants  in  the  Urals,  extract  5“C  components.  One  should 
note  in  particular  the  successful  mastery  of  the  complex  use  of  nep- 
helites  to  obtain  alumina,  alkalies,  and  cement  from  them,  also  certain 
rare  elements  (Volkhov  Aluminum  Plant). 

During  the  Fifth  Five-Year  Period  the  production  of  20  new,  in 
particular,  rare  matals;  indium,  germanium,  thallium,  tell\irium, 
rhenium,  cerium,  niobium,  and  tantalm.  Significant  achievements  were 
scored  in  the  use  of  sulfur  vapor  from  polymetallic  ores. 
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Tho  growth  in  recovery  of  metals,  the  better  utilization  of 
eqijipment,  the  reduction  in  specific  expenditvires  of  basic  and  aux¬ 
iliary  raw  materials,  also  fuels,  decreased  the  production  costs  of 
output.  Thiis,  for  exanple,  the  production  costs  per  ton  of  crude 
copper  produced  in  the  Krasnoural’sk  Plant  was  reduced  almost  18  per 
cent  in  the  Five-Year  Period,  in  the  Sredneural • sk  by  29  per  cent, 
and  in  the  Karabash  by  20  per  cent.  The  cost  of  metallurgical  pro¬ 
duction  of  lead  in  the  Chimkent  Plant  was  reduced  by  21  per  cent. 

However,  not  all  the  reserves  in  increased  production,  re¬ 
duced  production  costs,  and  increased  technological-economic  indices 
were  utilized  by  the  industry.  Thus,  in  1955  losses  still  remained 
significant  in  the  processing  of  ores  and  concentrates.  Losses  of 
copper  in  all  processes  in  1955  amounted  to  more  than  20  per  cent  of 
the  copper  contained  in  the  ore,  the  losses  of  lead  33  per  cent,  and 
in  many  other  metals  considerably  more  f’lj*  In  just  a  few  plants 
in  the  Urals  thousands  of  tons  of  zinc  are  lost  every  year  in  process 
sing  of  ores  one  should  mention  the  still  low  quality  of  lead,  copper, 
and  other  concentrates.  Thus,  lead  concentrates  usually  contain  a 
total  of  only  45-47  per  cent  of  lead  and  a  great  deal  of  admixtures. 

In  the  meantime,  in  tho  best  foreign  concentration  plants  the  lead 
content  in  the  concentrates  amounts  to  68-70  percent.  This  is  true 
likewise  of  copper  concentrates,  especially  from  the  Urals,  in  which 
the  copper  content  does  not  tcxceod  12-15  per  cent,  while  in  the  best 
foreign  plants  tho  metal  content  (copper)  amounts  to  35-40  per  cent. 

Thus,  despite  the  large  growth  in  the  production  of  nonferrous 
and  rare  metals  during  the  Fifth-Five-Ycar  Period,  tho  absolute  level 
of  production  attained  fell  far  short  of  statisfying  the  growing  needs 
of  the  national  econonQr,  the  capacity  of  operating  enterprises  was  in¬ 
sufficiently  utilized,  and  the  losses  of  metals  during  processing  of 
the  raw  materials  wore  significant. 

THE  SIXTH  FIVE-YEAR  PERIOD 

The  directives  adopted  by  the  Congress  of  the  KPSS  ^^omraunist- 
icheskaya  Fartiya  Sovetskogo  Sojmza  -  Communist  Party  of  tho  Soviet 
Union7  in  respect  to  the  Sixth  Five-Year  Plan  for  the  Development  of 
the  National  Economy  of  the  USSR  for  1956-1960  stipulated  a  new,  mighty 
increase  in  the  productive  forces  of  tho  nation.  Large  and  very  re¬ 
sponsible  tasks  were  set  for  nonferrous  metallurgy  in  the  USSR. 

In  the  field  of  nonferrous  metallurgy,  the  Sixth  Five-Year  Plan 
specifies  the  following  increases  in  I960  over  1955:  for  refined 
copper  about  60  per  cent,  aluminum  2.1  times,  lead  42  per  cent,  zinc 
77  per  cent,  nickel  64  per  cent,  molybdenum  production  2  times,  tung¬ 
sten  concentrates  57  per  cent,  and  commerical  magnesium  2.1  times.  The 
production  of  titanium  and  tho  rare  metals  is  to  be  expanded  signifi¬ 
cantly.  Special  attention  was  devoted  to  increasing  the  output  of  non- 
ferrous  and  rare  metals  of  high  purity  to  ensure  the  further  dove llop- 
ment  of  electronics,  radio  engineering,  and  the  production  of  heat-re¬ 
sistant  alloys. 
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The  directives  in  regard  to  the  Sixth  Five-Year  Flan  stipulate 
the  vdde  introduction  of  high-production  technological  processes,  the 
multi-stage  concentration  of  ores,  combination  methods  of  ore  dressing 
and  hydrometallurgical  processing  of  ores,  roasting  in  the  "boiling 
zone",  electrothermal  and  autoclave  processes,  the  use  of  oxygen  in 
nonforrous  metallvirgy.  In  theraining  industry  it  will  be  essential  to 
increase  the  extraction  of  nonforrous  metal  ores  in  the  five-year 
period  by  means  of  the  more  effective  open-cut  method  by  2,2  times  and 
to  increase  the  underground  extraction  of  ore  markedly  by  systems  with 
mass  equipment.  The  recovery  of  metals  from  ores  and  concentrates 
should  be  increased  materially,  and  more  complex  processing  of  raw 
materials  should  be  organized.  In  this  connection,  scientific  re¬ 
search  should  be  intensified  on  searching  out  the  most  economical 
methods  for  winning  nonferrous  metals,  also  on  further  improvement 
and  mastery  of  the  technology  of  the  production  of  rare  metals. 

On  the  basis  of  the  rapid  introduction  of  new  technology,  the 
productivity  of  labor  shouldbe  increased  by  about  90  per  cent  with  a 
growth  in  the  productivity  of  labor  for  industry  as  a  whole  of  not 
less  than  50  per  cent . 

The  Sixth  Five-Year  Period  is  a  five-year  period  of  now,  large 
growth  of  capital  investments  in  nonferrous  metallurgy — about  2  times 
as  compared  with  the  Fifth  Five-Year  Period  with  a  general  growthiin 
capital  investments  in  indiistry  as  a  whole  of  about  60  per  cent. 

The  plan  specifies  increasing  the  capacity  during  the  Sixth 
Five-Year  Period  for  the  production  of  cJ.uminum  (primary)  by  approxi¬ 
mately  2,7  times,  refined  copper  by  50  per  cent,  lead  by  54  per  cent 
zinc  by  1,8  times,  nickel  by  1.7  times,  and  sulfuric  acid  in  the 
enterprises  of  nonferrous  metallurgy  by  5*2  times. 

The  Sixth  Five-Year  Plan  stipulates  maximum  use  of  the  internal 
resources  of  the  operating  of  production  and  the  use  of  the  available 
production  capacity  should  result  in  an  increment  of  refined  copper  of 
42  per  cent,  zinc  47  per  cent,  lead  34  per  cent,  aluminum  20  per  cent, 
and  nickel  60  per  cent. 

In  accordance  with  the  directives  of  the  Congress  of  the  KPSS 
iniTcspect  to  geological  prospecting  work  in  1956-1960,  it  will  be 
necessary  to  ensure  the  following  increases  in  prospected  reserves: 
nickel  30-35  per  cent;  copper,  titanium,  and  bauxites  40-45  per  cent} 
niobium  50-55  per  cent}  load  and  tin  55-60  per  cent}  and  me cury  75-80 
per  cent. 

Special,  attention  is  devoted  in  the  directives  of  the  XX  Con¬ 
gress  of  the  ICPSS  to  the  problem  of  ensuring  more  rational  utilization 
of  raw  materials,  fuels,  electric  power,  and  othormaterial  resources. 

The  first  two  years  of  the  Sixth  Five-Year  Period  provide  evi¬ 
dence  of  successful  implementation  of  the  directives  of  the  Congress 
of  the  KPSS  in  respect  to  nonforrous  metallurgy.  In  this  time  signifi¬ 
cant  achievements  have  been  attained  in  equipment  enterprises  with  new 
technology,  further  mechanization,  automtion  and  electrification  of 
technological  processes,  and  the  extensive  introduction  of  chemical 
methods. 
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In  mining  there  has  been  a  conversion  to  a  more  productive  sys¬ 
tem  of  extraction  by  the  open-cut  method  viith  maximum  mechanization  and 
automatization  of  all  basic  processes  and  the  application  of  new,  ^re 
highly  perfected  machinery:  excavators  with  a  capacity  of  5-6  cubic 
meters,  self-loading  railroad  cars  with  a  load  capacity  of  40-50  tons, 
and  electric  locomotives  with  •.a  weight  of  up  to  150  tons,  ct  cetera. 

More  powerful  drilling  machines  arc  being  used  in  the  mines  and 
removable  boringbits  tipped  with  hard  alloys  have  been  introduced.  As 
a  result  of  the  introduction  of  new  technology,  open-cut  works  are  ef¬ 
fectively  used  even  when  it  is  esseirtiai  to  remove-  7-10  cubic  meters 
of  rock  for  one  cubic  meter  of  ore  J_^J  > 

Along  with  improvement  and  increased  capacity  of  machinery  used 
in  ore  dressing,  methods  for  ore  flotation  are  continually  being  per¬ 
fected  with  the  purpose  of  increasing  the  recovery  of  metals  from  the 
ores,  obtaining  the  purest  concentrates  and  intemodiate  products  with 
their  further  processing  through  the  use  of  special  methods  (VEL'Ts- 
EVANIE  /Translator's  note:  English  equivalent  not  knovm.  Accor<^ng 
to  the  Kratkiy  Tekhnicheskiy  Slovar'  (Page  135)  this  is  a  sintering 
operation  in  vrtiich  zinc  or  lead  ores  or  wastes  are  heated  in  a  rotary 
retort  to  a  heat  of  1300  degrees  and  the  vapors  are  then  passed  through 
filter^,  pyroselection,  and  electrothormy) .  The  application  of  mul¬ 
tistage  (liirgalimsay  Lead  Ore  Concentration  Plant)  and  combined  methods 
of  ore  dressing  and  hydrometallurgical  processing  of ores  (Balkhash 
Copper  Ore  Concentration  Plant), autoclave  processes  for  processing  com¬ 
plex  mdybdenum-tungsten  products  (Tymy  Auz  Ore  Concentration  Plant), 
and  also  nickel  products  are  being  carried  out. 

The  reagent  industry  has  been  markedly  improved. 

A  number  of  new  processes  have  been  introduced  into  the  metallurgy 
of  the  heavy  metals  wiiich  increase  the  productivity  of  available  equip¬ 
ment  of  the  degree  of  complex  use  of  raw  materials.  Thus,  for  example, 
in  1957  almost  all  zinc  plants  have  furnaces  for  roasting  in  the^ 

"boiling  Layer"  which  make  it  possible  to  increase  the  productivity 
of  a  roasting  furnace  by  4.5  times  per  square  meter  of  area  and  alnost 
10  times  per  cubic  metc^:’  of  volume  of  the  furnace  with  a  sh^p  increase 
in  labor  productivity  and  concentration  of  sulfurous  gases  jb5,  IQJ * 

In  the  copper  and  the  lead  industries,  along  with  improvement  and 
increased  capacity  of  metallurgical  equipment  (reverberatory  furnaces, 
converter  equipment  of  large  capacity),  favorable  conditions  have  been 
created  ,  for  the  recovery  of  rare  metals  (molybdenum, '  cadmium,  selenium, 
tellurium,  and  cobalt).  Electric  smelting  has  been  introduced  in  part 
(nickel,  copper,  lead). 

In  alumina  production  higher-capacity  furnaces  with  a  length  of 
120  meters  have  been  inttroduced  for  sintering,  also  decoaposers  with 
a  capacity  of  1000  cubic  meters  and  five-stage  thickeners;  in  the  pro¬ 
duction  of  aluminum,  electrolytic  cells  of  greater  capacity  and  pro¬ 
ductivity  with  a  capacity  of  110—120  thousand  an^eres  with  top  elec¬ 
trodes  are  being  introduced  in  place  of  the  present  capacity  of  50-60 
thousand  amperes. 
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Great  progress  has  been  made  in  expanding  the  raw  materials  base 
of  nonforrous  metallurgy.  In  the  vicinity  of  the  Turgay  Depression  of 
Kustanay  Oblast*  (Kazakh  SSR)  largo  reserves  of  bauxite,  lead,  titaniim, 
copper,  zinc,  and  antimony  have  been  discovered,  A  new  deposit  of  cop¬ 
per  has  been  discovered  in  Chita  Oblast ’j  bauxite,  nickel,  titanium,  in 
the  Ukrainian  SSRj  tungsten  and  molybdenum  in  Siberia  and  Nazakhstan 
/~11_7,  and  large  deposits  of  copper  (Gaysk)  and  nickel  (Buryktal)  have 
been  discovered  in  the  southern  Urals, 

The  progress  achieved  in  the  development  of  nonforrous  metallurgy 
in  the  USSR  ensures  the  fvirther  enhancement  of  its  production  capacity, 
qualitative  indices,  and  reduction  of  production  costs  of  the  metals, 

NONFERROUS  ^^:TALLURG^f 

Associate  Member  of  the  Academy  of  Scinnees,  USSR  D.  M.  CHizhi- 
kov  Institute  of  Metallurgy  imeni  A;  A,  Baykov  of  the  Academy  of  Sci¬ 
ences,  USSR 

II.  THE  SCIENTIFIC  BASE.  THE  ORGAl'JIZATIONAL  STRUCTURE  OF  THE  INDUSTRY. 

The  newly  established  scientific  research  institutes  of  nonfer- 
rous  metallurgy  have  had  to  fulfill  a  large  role  in  the  mastery  of  the 
numerous  processes  used  in  the  prbduction  of  nonforrous  metals. 

Scientific  and  e:3q)erimental  studies  were  extensively  developed 
in  the  State  Scientific  Research  Institute  of  Nonferrous  Metals  (GENTs- 
VETl'IET),  which  was  organized  at  the  end  of  1929  on  the  basis  of  the 
nonferrous  and  rare  metals  laboratories  of  the  All-Union  Institute  of 
Mineral  Raw  Materials  (VI^B),  In  order  to  bring  scientific  research 
work  closer  to  the  sites  of  the  construction  of  new  enterprises,  branches 
of  GENTsVETMET  /Sosudarstvonnyy  nsuchno-issledovatel'skiy  institute 
tsvetnj^  metallov  -  State  Scientific  Research  Institute  of  Nonferrous 
Metal^  wore  established  in  Leningrad,  Sverdlovsk,  Irkutsk,  and  Tash¬ 
kent,  ’ 

Subsequently,  independent  affiliated  institutes  were  organized 
on  the  ba.se  of  these  branches:  VAl'iI  /Vesesoyuznyy  alyuminiyevonnag- 
niyevyy  institut  -  All-Uhion  Aliminum-Mangnosium  Institute7  in  Lenin¬ 
grad}  IRGIREDMET  /Gosudarstvenn3?y  institut  redkikh  metallov  -  State 
Institute  of  Rare  Metal^  in  Irkutsk}  UNIPRO^iED'  _/'Dral*skiy  nauchno- 
issledovatol* skiy  institut  mednoy  prorayshlennosti  -  Urals  Scientific 
Research  Institute  of  the  Copper  Industr^, 

GEREDMET  /Cosudarstvennyy  nauchno-issledovatel*  skiy  institut  po 
redkim  metallam  -  ^tato  Scientific  Research  Institute  for  Rare  Metal^ 
was  separated  from  GINTsVETMST  in  Moscow,  Research  institutes  were 
established  for  the  nickel  industry  (GEPRONIKEL* )  Abbreviation  not 
known,  apparently  State  Institute  for  the  Planning  of  Enterprises  of 
■^e  Nickel  Industr^  in  Leningrad  and  for  the  tin  industry  (TsNIIolovo) 
/AEjUreviation  not  known,  ^parently  Central  Scientific  Research  Insti¬ 
tute  for  the  Tin  Industr^A Novosibirsk, 
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In  the  post  war  period  the  GIMTsVETMET  branch  in  Ust ’ -Kamcno- 
gorsk  was  reorganized  into  the  independent  scientific  research  insti¬ 
tute  VNIItsvetmot  /Abbreviation  not  known,  apparently  All-Union  Scie¬ 
ntific  Research  Institute  for  Nonferrous  Metallurgy/ . 

The  organization  of  branches  and  bases  of  the  Academy  of  Sci¬ 
ences,  USSR  in  the  large  centers  of  the  nation  and  the  capitals  of  the 
union  republics  made  it  possible  to  bring  science  close  to  production 
and  provide  qxiick  solutions  to  construction  problems  on  the  sites. 

In  many  breanches  of  the  Academy  of  Sciences,  USSR  and  also  in 
the  academies  of  Sciences  of  the  republics,  special  laboratories  were 
established  for  the  metallurgy  of  nonferrous  and  rare  metals  which 
were  subsequently  transformed  into  large  scientific  metallurgical 
centers  of  the  nation.  The  Institute  of  Metallurgy  of  the  Urals  branch 
of  the  Academy  of  Sciences,  located  in  Sverdlovsk,  the  center  of  the 
Urals,  in  which  the  construction  of  copper  smelters,  aluminiim,  nickel, 
and  zinc  plants  was  widely  developed  at  a  number  of  points  and  the 
Institute  of  Metallurgy  and  Ore  Dressing  of  the  Kazakh  Academy  of 
Sciences  in  Alma-Ata,  capital  of  Kazakhstan,  with  the  copper  smelters, 
lead  and  zinc  plants  under  construction  in  its  territory,  became  cen¬ 
ters  for  cjqjorimontal  studios  for  the  expanding  nonferrous  metallurgy 
of  the  two  of  richest  regions  of  the  nation. 

The  organization  of  the  Institute  of  Metallur^  of  the  Academy 
of  Sciences,  USSR  in  Moscow  and  the  successful  work  in  corrdinating 
scientific  activities  in  the  field  of  nonferrous  metallurgy  of  the  in¬ 
stitutes  and  the  laboratories  of  the  branches  and  Academics  of  Scien¬ 
ces  of  the  republics  have  made  possible  more  rapid  and  correct  solu¬ 
tions  of  the  most  important  problems  of  theory  and  production  in  non- 
ferrous  metrollurgy. 

In  order  to  disseminate  scientific  and  technical  knowledge  in 
the  field  of  the  metallurgy  of  nonferrous  metals,  and  in  order  to  fac¬ 
ilitate  the  exchange  of  experience  and  to  publicize  the  work  of  the 
plants  and  the  institutes,  the  journal  Tavetnye  mctally  Nonferrous 
Metal/7  'WAS  organized.  The  first  number  of  the  journal  came  out  in 
January  1930 • 

The  first  number  of  the  popTolar  journal  Opyt  predpriyatiy 
/Ejqjorienco  of  the  Enterprises/  was  published  at  the  beginning  of  the 
second  half  of  that  year.  Subsequently,  in  the  prewar  period,  the 
specialized  journals  Lefdcie  metally  /fhe  Light  Metals/  and  Redkie  metally 
/The  Rare  Metals/  came  out. 

In  1930,  in  the  dawn  of  the  development  of  Soviet  nonferrous 
metallurgy,  there  were  346  engineers  and  45S  technicians  in  the  entire 
nonferrous  metals  and  gold  industry.  These  included:  engineers  with 
production  experience  up  to  one  year — ^74.3  per  cent,  up  to  three  years 
—18.5  per  cent,  and  more  than  three  years  —  7.2  per  cent.  The  re- 
quircaaents  of  the  nonferrous  metals  and  gold  industry  in  respect  to 
enginers  was  covered  in  1930  by  32  per  cent,  and  technicians  by  24  per 
cent.  The  requirements  of  these  branches  of  industry,  on  the  other 
hand,  in  respect  to  engineers  in  1930-1933  were  determned  to  be  about 
11,000  persons. 
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Tho  starting  and  the  operation  of  the  numerous  nonferrous  met¬ 
allurgical  enterprises  stipulated  by  the  plan  could  bo  ensured  only  on 
condition  that  the  necessary  engln.iering-teohnical  personal  be  trained. 
Specialized  establishments  of  higher  braining  were  established  for  this 
purposet  the  Moscow  Institute  of  Nonferrous  Metals  and  Gold  (1930) 
on  the  base  of  tho  Department  of  tho  Metallurgjf  M/2t-.als 

of  tho  Mining  Acadeiiiy;  The  Kazakh  mning-Metallurgical  ^stitAiW  ir* 
Aliaa-Atai  the  Eastern  Siberian  Mining-Mot  all  urgi  cal  Institute  in  Irkut¬ 
sk;  and  the  Northern  Caucasus  Mining-Metallurgical  Institute  in  Ordz¬ 
honikidze,  ^ 

In  addition^  separate  dopartiuonts  and  chairs  of  metallurgy  ol 
the  metallurgy  of  the  nonferrous  metals  were  functioning  in  tho  poly- 
technical  institutes  of  Leningrad,  Sverdlovsk,  and  Kiev. 

A  network  of  technical  schools  ^EKhNIKUIff/  was  set  up  to  train 
specialists  of  intermediate  skills  was  developed.  The  Insdustrial 
Academy  in  Sverdlovsk  trained  cnginerring-Tnanagerial  and  supervisory 
oorsonnel  up  to  tho  wrr. 

Scientific  research  work  was  conducted  on  a  wide  front  on  the 
concentration  of  ores  of  the  nonferrous  metals,  on  pyrometallurgical 
and  hydroKictallurgical  methods  for  processing  ores  and  concentrates, 
and  on  the  refining  of  metals  in  all  the  training  establishments  and 
in  the  laboratories  of  tho  specialized  departments. 

Tho  fruitful  work  of  tho  scientists  of  the  higher  training 
establishments  was  merged  into  a  single  stream  with  extensive  scien¬ 
tific  research  projects  carried  on  by  research  institutes  and  the 
plant  laboratories. 

It  was  necessary  to  supply  tho  construction  of  tho  new  enter¬ 
prises  of  nonferrous  metallurgy  and  the  reconstruction  of  operating 
plants  specified  by  the  First  Fivo-Iear  Plan  with  processed  planning 
documentation.  Up  to  the  autimin  of  1929 ^  the  planning  of  enterprises 
of  nonferrous  metallurgy  was  carried  on  by  (UPROMEZ  /Oosudarstvonyy 
institut  proyektirovaniya  motallurgichoskikh  zavodov  -  State  Insttitute 
for  tho  Planning  of  Metallurgical  plant s7 , 

The  Decree  /POSTANOVLENI^  of  tho  Soviet  of  Labor  and  Defense 
of  2  xiugust  1929  and  the  Order  2phIKAZ7  of  tho  VSNKh  /Vysshiy  sovet 
narodnogo  khozyaystva  -  Supreme  Soviet  of  the  National  Economy/  estab¬ 
lished  a  special  State  instutitc—GIPROlyiEZ  /Oosudarstvennyy  institut 
po  proyektirovaniya  predpriyatiy  tsvetnoy  motallopromyshlonnosti  - 
State  Institute  for  tho  Planning  of  Enterprises  of  the  Nonferrous 
Metals  Industr^,  Its  mission  included  tho  inaximu^^  acceleration  of 
the  tempo  of  planning  ononforrous  metallurgical  enterprises,  particul¬ 
arly  those  projects  whose  construction  should  be  started  in  1930, 

Special  attention  was  devoted  to  the  quality  of  planning  and  tho  all- 
aroudnd  use  of  foreign  technical  aid. 

In  order  to  obtain  the  most  rapid  mastery  of  the  achievements  of 
tho  American  technology  of  that  time,  conrtracts  wore  drawn  up  for  tech¬ 
nical  aid  with  foreign  companies  and  individual  specialists,  in  parti¬ 
cular  with  tho  UILER.  T^^^sliteratod,  possibly  '/Jheele^  Office  which  ha.d 
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a  planning  office  in  New  York  which  dealt  with  the  production  of  copper, 

lead,  zinc,  and  nickel.  ,  ^ 

During  the  first  years,  the  planning  of  all  the  plants  ot  tne 
nonferrous  industry  was  concentrated  in  GIPROTsVETMET.  Later,  as  the 
amount  of  planning  projects  was  ejqjanded  and  they  became  specialized, 
the  GIPRO/iLYuMINIY  /Abbreviation  not  known,  apparently  State  Institute 
for  the  Planning  of  Enterprises  of  the  Aluminum  Industry/  Institute  was 
established  to  make  plans  for  aluminum  and  magnesium  paints;  SOYuZ-  ^ 
WIKEL’OLVOPROYoKT  /Abbreviation  not  knovm,  apparently  /dl-Union  Insti¬ 
tute  for  the  Planning  of  Enterprises  of  the  Nickel  and  Tin  Industries/ 
was  set  up  to  make  the  plans  for  the  nickel  and  the  tin  industries, 
later  renamed  GIPRONIKEL'  /^Abbreviation  not  known,  apparently  State 
Institute  for  the  Planning  of  Enterprises  of  the  Nickel  Industi^/; 
GIPROREDMfiT  /Gosudarstvenny  institut  po  proyektiroveniyu  promyshlennykh 
predpriyatiy  redkikh  metallov  —  State  Institute  for  the  Planning  of 
Rare  Metals  Industry  Establishments/  for  enterprises  of  the  rare 
metals  industry;  and  GEEPROZOLOTO  /Gosudarstvonnyy  institut  po  proye- 
ktirovaniyu  prepriyatiy  zoloto-platinovoy  promyshlennosti  —  State 
stitute  for  the  Planning  of  Gold  and  Platinum  Industry  Establistoent_s/. 

The  brisk  development  of  the  nonferrous  and  rare  metals  industry 
required,  even  in  the  First  Five-Year  Period,  suitable  organizational 
forms  for  daily  guidance  and  the  operative  solution  of  the  mny  pro¬ 
blems  of  planning  and  production.  By  decree  /POSTEiNOVLENI^  of  the 
Soviet  of  Labor  and  Defense,  the  Administration  for  the  Management  of 
Enterprises  of  Nonferrous  Metallurgy,  which  was  under  the  Supreme 
Soviet  of  the  National  Economy,  and  the  Administration  for  the  Manage¬ 
ment  of  Enterprises  of  the  Gold  Industry,  which  was  under  the  people's 
Commisariat  of  Finacnce,  were  combined  by  the  end  of  1929  into  the 
unified  administration  /UPRAVLENI^  TsVETMETZOLOTO  /Vsesoyuznoye  ob" 
edinenie  po  dobyche,  obrabotke  i  realizatsii  tsvetnykh  metallov,  zolota 
i  platiny  -  lill-Union  Association  for  the  Extraction,  Processing,  and 
Sale  of  Nonferrous  Metals,  Gold  and  Platinum/. 

Later,  in  order  to  bring  management  closer  to  the  operating 
enterprises  and  those  under  construction,  TsVETMETZOLOTO  was  divided 
by  the  decree  /POST.iKOVLENI^  of  the  Soviet  of  Labor  and  Defense  of 
7  August  1931  into  three  associations  /OB"YeDINENIY^:  SOYuZiiLYuMINIY 
/Abbreviation  not  known,  apparently  iiU -Union  Association  of  the  Aluni- 
num  Industry/  (Moscow),  YuZhTsVETt'oET  /Abbreviation  hot  known,  apparen¬ 
tly  All-Union  association  of  the  Nonferrous  Metals  Industry  of  the  Sou¬ 
thern  Regions/  (i*lraa-itta),  and  TsVETI-IETZOLOTO  /Abbreviation  not  known, 
apparently  All-Union  .association  of  the  Nonferrous  Metals  and  the,.  Gold 
Ihdu&trib//  (Sverdlovsk) s  and  two  trusts:  Z.JCTsVSTl''iET  /Zakavkazkiy 
gosudarstvennyytrest  tsvetnykh  metallov  -  tnanscaucasian  state  trust 
of  Nonferrous  Metals/  (Tbilisi),  and  SEVILiVTsVSTl''jET  /Abbreviation  not 
known,  apparently  North  Caucasus  State  Trust  of  Nonferrous  Metals/ 
(Ordzhonikidze).  YuZhTsVETMET  contained  all  operating  enterprises  and 
those  udnder  construction  in  South  Kazakhstan,  Kirgizia.,  Uzbekisten, 
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Tadzhikistan,  and  Turkmenistan.  The  trusts  SOIuZREDMET  /Gosuderstven- 
noye  vsesojruznoye  ob'edinenie  redkikh  elem^tov-  State  All-Union  Asso¬ 
ciation  for  Rare.  Elements7  and  SOYuZOLOVO  /Abbreviations  not  known,  ap¬ 
parently  State  All-Union  Association  of  the  Tin  Industrj^ • 

Territorial  associations  and  trusts  of  the  nonferrous  and  the 
gold  industries  established,  also  scientific  and  planning  ii^titutes 
which  had  been  established  were  subordinated  by  the  decree  /POSTAWOV- 
LMIE7  of  the  Presidxim  of  the  VSNKh  SSSR  of  12  November  1931  to  the 
newly  organized  OLAVTsVETiiETZOLOTO  /Olavnoye  upravlenie  po  tsvetnym 
metallam,  zolotu  i  platine  -  liain  Administration  for  Nonferrous  Metals, 
Gold,  and  Platinm/  xmder  the  VSNKh  SSSR. 

With  the  reorganization  of  the  VSNKh  SSSR  into  the  NAEKOMTYa- 
ZhPROM  j^arodnyy  Komissariat  tyazheloy  promyshlennosti  -  People's  Com¬ 
missariat  of  Heavy  Industr27>  GLAVTsVETlIETZOLOTO  became  one  of  its 
production  administrations. 

However,  a  single  administration  for  the  whole  nonferrous  metals 
and  gold  industries  tvirned  out  to  be  very  cumbersome,  and  by  order 
/PRIKAE7  oY  i-he  People's  Commissariat  of  Heavy  Industry  of  2?  April 
1933,  SLAVTsVETilETZOLOTO  was  divided  into  two  independent  administra¬ 
tions;  GLAVTSVEHiET/GLavnoye  upravlenie  po  dobyche  i  obrabortke  tsvet- 
nykh  metallov  -  Main  Administration  for  the  Mining  and  Processing  of 
Nonferrous  Metals/  and  (XAVZOLOTO  /aavnoye  upravlenie  zoloto-platin- 
ovoy  pron^yshlennosti  —  liain  Admiinistration  of  the  Gold  and  Platinum 
Industrie^^. 

YUZhTsVETNIET  was  liquidated.  The  new  construction  projects  which 
had  been  under  it;  Dzhezkazgan,  KAZPOLIMETALL  .^azakhskiy  P<^imetalli- 
cheskiy  Kombinat  -  Kazakh  Polymetals  Combinj^ ,  ALMALYKSTROY  /Gosudar- 
stvennoye  upravlenie  po  stroitel' stvu  Almalykskogo  mednogo  kombinata  - 
State  Administration  for  the  Construction  of  the  Almalyk  Copper  Combing , 
PRIBALKhAShSTROY  /Abbreviation  not  known,  possibly  State  Administration 
for  the  Construction  of  the  Balkhash  Copper  Combing ,  were  subordinated 
directly  to  the  OLAVTsVETtlET  of  the  NARKOMTYzZhPROM. 

The  rapid  growth  of  different  branches  of  the  nonferrous  metals 
industry,  the  specific  requirements  of  geological  prospecting  and  min¬ 
ing  work,  and  technological  peculiarities  in  the  production  of  differ¬ 
ent  metals  brought  Up  the  question  of  reorganization  of  GLAVTsVETI'iET 
into  the  independent  People's  Commissariat  of  Nonferrous  tfetallurgy 
with  production  administrations  for  copper  ((XAViiED')  /^avnoey  uprav¬ 
lenie  mednoy  promyshlennosti  -  iiain  Administration  of  the  Copper  In¬ 
dustry,  for  lead  and  zinc  (QLAVSVINSTsOVOTsINK(  /Abbreviation  not 
known,  apparently  Nlain  Administration  of  the  Lead  and  Zinc  Industrie^ , 
for  alimiinum  and  magnesium  (GLAVALYuMTWIY)  /Glavnoye  upravlenie  alm- 
iniyevoy  proiryshlennosti  -  Main  Administration  of  the  Aluminum  Indus© 
try,  for  nickel  and  cobalt  (QLAVNIKEL')  /Abbreviation  not  known,  ap¬ 
parently  iiain  Administration  of  the  Nickel  Industry,  for  tin  (CXAVO- 
LOVO)  /Abbreviation  not  known,  apparently  iiain  Administration  of  the 
Tin  Industry,  and  for  rare  Metals  ( (XAVREDMET)  /Glavnoye  upravlenie 
redkikh  metallov  -  Main  Administration  for  Rare  iletalj/.  Enterprises 
of  the  gold  and  platinum  industry,  which  had  been  unified  in  the 
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CcLAVZOLOTO,  were  also  transferred  to  the  People's  Commissariat  of  Non- 
ferrous  i-ietallurgy.  •  Later,  the  People's  Commissariat  was  renamed  the 
liinistry  of  Nonferrous  Metallurgy.  Repeated  attempts  to  merge  the 
enterprises  of  ferrous  and  nonferrous  metallurgy  into  a  unified  People  s 
Commissariat  or  Ministry  failed  to  achieve  favorable  results.  In  com¬ 
paratively  short  periods  of  time  the  ferrous  and  nonferrous  branches 
of  the  metallurgical  industry  would  be  separated  once  rmore. 

Implementation,  in  accordance  with  the  resolutions  of  the  Party 
Congress,  of  the  reorganization  of  the  management  of  the  industry  on 
the  basis  of  establishing  territorial  Soviets  of  the  National  Economy 
will  make  possible  the  further  development  and  growth  of  nonferrous 
metallurgy. 

III.  THE  DEVELOPl-IENT  OF  THE  PRODUCTION  OF  SEPARATE  I'iETALS  -  COPPER 

Copper  production  in  pre— Revolutionary  Russia  was  concentrated 
in  four  regions;  in  the  Urals,  the  Caucasus,  in  the  Kirgiz  Steppe,  and 

i-Iinusinsk  Kray.  v  ,  * 

T)xe  beginning  of  the  copper  industry  in  the  Urals  goes  back  to 

the  17th  Centruy.  The  first  copper  smelter,  the  Pyskarskiy  on  the 
Yayva,  was  built  in  I64O,  The  rich  copper  ores  (oxides),  which  con¬ 
tained  malachite,  copper  lazurite,  and  cuprite,  were  smelted  in  simple 
blacksmith's  forges.  Two  other  copper  smelterf,  the  Polsvskiy  and  the 
Byysk,  were  built  in  the  beginning  of  the  18th  Century.  In  the  second 
half  of  the  18th  century  the  Bogoslovskiy  and  the  Nikolo-Pavdinskmy 
Plants  were  working  on  the  base  of  the  Turinsk  Mines.  At  the  beginning 
of  the  19th  Century  the  annual  rproduction  of  copper  amomted  to  3000 
tons.  By  the  middle  of  the  19th  Century,  the  copper  of  the  Urals  was_ 
being  produced  in  a  number  of  small  plants.  They  smelted  the  rich  oxide 
ores  taken  from  the  Mednorudnyansk,  Gumeshevskiy,  Pystoa,  Turinsk,  and 
other  mines.  In  the  period  of  the  18th  -  19th  Centuries,  the  copper 
industry  achieved  marked  development  on  the  base  of  the  Perm  sandstone. 

Stroganov,  Demidov,  and  other  enterpreneurs  built,  plants  in  the 
Perm,  Kazan' -Vyatka,  Orenburg,  and  Ufa  Areas,  smelting  the  ore  from 
sections  which  were  enriched  into  copper.  As  these  sections  became 
depleted,  the  exploitation  of  the  tiny  plants  became  unprofitable  and 
the  enterprises  were  closed.  The  Yugovskiy  Plant  which  had  been  built 
in  1732  and  ceased  to  be  active  in  1903  remained  the  longest  in  opera¬ 
tion,  A  hydrometalliirgical  apparatus  for  leaching  copper  out  of  the 
oxide  ores  from  the  Pyanoborsk  Deposit  with  a  sulfuric  acid  solution 
was  installed  in  18 ,'2  in  the  Bondyuzhskiy  Plant,  in  whio|i  copper  had 
been  smelted  out  of  sandstone  as  early  as  the  17th  Centiiry,  At  the 
end  of  the  I8th  Century  copper  production  had  also  sprung  up  in  the 
Caucasus  and  in  Mnusinsk  Kray . 

At  the  end  of  the  19th  Century  the  annual  production  of  copper 
reached  6400  tons.  In  1913,  before  the  beginning  of  the  First  V/orld 
War,  20,500  tons  of  copper  were  produced. 
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Up  to  the  end  of  the  19th  Century,  copper  metallurgy  was  based 
on  the  processing  of  oxide  ores  by  a  method  of  reduction  smelting.  As 
the  upper  oxide  zones  of  the  deposits  which  were  rich  in  copper  became 
depleted  and  the  mines  became  deeper,  sulfide  ores  were  discovered 
which  required  other  methods  of  processing.  They  began  to  apply  to 
them  the  method  of  pyrite  smelting  of  copper-psrrite  ores  in  water- 
jacket  furnaces  which  was  being  used  in  foreign  technology.  In  such 
smelting  of  lumps  of  pyrite  ores,  the  heat  needed  for  the  process  was 
obtained  by  oxidizing  the  iron  sulfides  with  the  oxygen  contained  in 
the  air  blown  in  through  tuyeres.  The  ferrous  oxide  formed  in  the 
smelting  process  was  slagged  by  silica  while  the  copper  was  concentrated 
in  the  form  of  matte  or  an  alloy  of  cuprous  sulfide  and  iron  sulfide. 
They  a^so  began  to  apply  the  Bessemer  process  to  copper  matte  in  con¬ 
verters  in  the  presence  of  silica,  with  all  the  iron  going  into  the. slag 
and  obtaining  pure  copper  sulfide,  or  fine  Matte  /Translator's  notes 
Apparently  an  intermediate  product7;  it  was  then  passed  through  a  con¬ 
verter  to  obtain  crude  copper.  In  1913 >  before  the  outbreak  of  World 
War  I,  six  copper  smelters  were  in  operation  in  the  Urals  (Bogoslov¬ 
skiy,  Kalatinskiy,  Pyshma-Klyuchcvskiy,  Polevskiy,  Karabash,  and  Tan- 
slyk-Baymak),  idiich  operated  with  the  pyrite  or  somipyrite  methods  of 
smelting.  The  transition  to  such  smelting  marked  the  second  period  of 
development  of  copper  production  in  Russia,  when  they  began  intensified 
prospecting  of  chalco  pyrite  deposits,  both  in  the  Urals  as  well  as  in 
other  regions  of  the  nation, 

Electrdfertic  refining  of  crude  copper  was  carried  on  in  the  Kysh- 
tym  Copper  Electrolytic  Plant. 

During  World  Mar  I  the  production  of  copper  in  Russia  gradually 
declined  into  a  rixinous  state  and  ceased  entirely  in  1918. 

After  the  Civil  War  ended,  in  the  restoration  period,  copper 
smelters  were  gradually  put  into  operation  again.  In  May  1922  the  Kal- 
stinskiy  Plant  was  put  into  operc.tion,  and  in  1924  the  Tanalyk-Baymak 
and  the  Alaverdy  Plants,  In  1925  the  Karabash  Copper  Smelter,  vrtiich 
was  the  largest  plant  at  that  time,  was  restored  and  put  into  operation. 
The  raw  material  for  all  the  restored  smelters  was  chalcopj/rite  ores 
which  were  processed  by  pyrite  or  somipyrite  smelting  in  water-jacket 
furnaces  which  produce_d  copper  matte.  When  it  was  bessemerized  in  con¬ 
verters  crude  /Blister/  coppor  was  produced,  which  was  refined  on  the 
spot  in  reverberatory  furnaces,  to  so-called  refining  hearths.  Up  to 
1910,  shaft  furnace  pyrite  or  somipyrite  smelting  of  chalcopyrite  ores 
with  a  consumption  of  coke  with  limits  of  3-10  per  cent  was  the  sole 
industrial  method  for  producing  coppper.  The  average  copper  content 
then  had  to  bo  not  less  than  2  per  cent.  The  limited  reserves  of 
chalcopyrite  ores  in  nature,  the  irreversible  losses  of  all  the  iron 
and  a  large  part  of  the  sulfur  during  smelting, and  the  presence  of 
largo  deposits  of  copper-containing  porph^'^ry  ores  with  a  relatively 
low  copper  content  which  could  not  bo  processed  in  shaft  furnaces  — 
all  this  stimulatedthe  development  of  a  now  technological  process  which 


-  24  - 


would  include  preliminary  concentration  of  the  ores,  with  subsequent 
smelting  of  those  copper  concentrates  in  reverberatory  furnaces  to 
matte  and  slag.  During  the  peiiod  1910-1925,  world  tochnolo^  of 
copper  production  was  distinguished  by  an  exceedingly  rapid  introduc¬ 
tion  of  this  new  method  of  winning  copper.  Thus,  in  the  United  etatos 
the  use  of  shaft  furnaces  had  already  been  wholly  discontinued  by  the 
time  of  the  world  crisis  in  1929.  This  made  possible  the  progress  in 
flotation  concentration  of  ores  and  the  mastering  of  the  process  of 
smelting  the  concentrates  in  reverberatory  furnaces. 

The  Korsak-Pay  Smelter  was  the  first  plant  in  the  Soviet  Copper 
industry  to  start  working  with  the  now  method.  The  copper  quartz  ores 
of  Dzhezkazgan  were  subjected  to  flotation  concentration  and  concentra¬ 
tes  containing  30  and  more  per  cent  copper  were  obtained.  The  concen¬ 
trates  were  smelted  in  a  reverberatory  furnace  to  matte  (50  per  cent 
copper  and  more)  and  acid  slag.  The  matte  was  then  put  through  con¬ 
verters  to  obtain  crude  copper. 

The  Korsak-Pay  Smelter  was  the  first  successfully  to  overcome 
the  technical  difficulties  of  smelting  low-sulfur  and  low-iron  con¬ 
centrates  to  matte  with  a  high  copper  content  and  high-silicon  slag 
viithout  adding  sulfur-iron  fluxesj  the  difficulties  of  bessemerizing 
rich  matte  were  also  overcome.  ... 

The  construction  of  the  Korsakpay  Copper  Smelter,  which  is 
cated  in  Central  Kazakhstan  close  to  the  Dzhezkazgan  Copper  ore  Deposit, 
was  bogun^^even  before  Vforld  V/ar  I  by  concessionaires,  but  the  work  ^d 
not  been  completed.  Construction  of  the  smelter  was  completed  and  it 
was  put  into  operation  at  the  end  of  the  restoration  period,  in  19271 
The  technological  lay-out  of  the  Korsakpay  Smelter  was  the  basis  for 
the  planning  and  construction  of  the  largest  copper  smelters  (combines) 
in  the  Soviet  Union  —  the  Balkhash  and  the  Dzhezkazgan. 

In  1926  construction  was  started  on  the  Krasnoural ' sk  Copper 
Smelter  with  a  planned  capacity  of  20,000  tons  of  crude  copper  per 
year.  Its'  plan  was  first  to  specify,  on  the  basis  of  processing  chal— 
copyrite  ores,  flotation  methods  of  concentration  which  produced  cop¬ 
per  and  pyrite  concentrates.  The  copper  concentrates  were  smelted  in^ 
a  reverberatory  furnace.  The  pyrite  concentrates  were  sent  to  sulfuric 
acid  plants. 

The  Krasnoural 'sk  Smelter  produced  its  first  copper  in  the  be¬ 
ginning  of  1931. 

The  successf'ul  mastery  of  methods  of  selective  flotation  of  the 
cha.lcopyrite  ores  from  the  Urals  which  res'ulted  in  production  of  copper 
and  pyrite  concentrates  served  as  the  starting  point  for  extensive  in¬ 
troduction  of  this  method  throughout  the  entire  copper  industry  of  the 
Urals.  All  achievements  in  the  floatation  of  chalcopyrite  ores  and  the 
smelting  of  concentrates  in  reverberatory  furnaces  were  utilized  in  the 
now  Sredneural ' sk  Copper  Smelter. 

The  reconstruction  of  the  Karabash  and  the  Kirovograd  Plants, 
which  had  made  extensive  use  of  shaft  furnace  smelting  of  chalcopyrite 
ores  in  water-jacket  furnaces,  was  ca,rried  out  in  the  direction  of 
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developing  floatation  methods  for  concentrating  copper  and  copper-zinc 
pyrite  ores,  vri.th  separation  of  copper  and  zinc  concentrates.  The 
smelting  of  copper  and  copper-zinc  concentrates  in  reverberatory  fur¬ 
naces  and  obtaining  matte  and  iron  slag,  _^ic,  prosumribly  misprint. 
Apparently  iron  silicate  sla^,  was  mastered. 

It  must  be  noted  that  shaft  furnace  smelting  of  lumpy  ores  in 
water-jacket  furnaces,  which  were  suitably  reconstructed  then  left  in 
those  smelters,  oontineued  to  exist  along  with  the  development  of  re¬ 
verberatory  smelting.  Combiining  sheJft  and  reverberatory  smelting 
made  it  possible,  after  sorting  the  ore,  to  send  the  lunpy  portion  to 
the  water-jacket  furnaces  and  the  fine  ore  to  the  concentro,tion  plant. 

Lack  of  fine  ore  particles  in  the  shaft  furnaces  markedly  improved  the 
technical  performance  in  smelting.  It  became  possible  to  process  the 
dust  from  the  converters  and  the  reverberatory  furnaces  along  with  the 
concentrates  in  the  rcvbrberatoy  furnaces.  Smelting  with  water-jacket 
furnaces  was  retained  in  the  Tanalyk-Bp.ymak  Smelter  ■.  The  Caucasian 
plants  were  wholly  reconstructed  and  converted  to  the  new  method  of 
work  —  flotation  concentration  of  the  ores  and  selective  separation 
of  copper  concentrates  to  be  sent  to  reverberatory  furnaces  for 
smelting. 

At  the  end  of  the  restoration  period,  six  copper  smelters  were 
in  operation  in  the  USSR,  1929-1930  about  30,000  tons  of  copper  was 
produced,  thus  the  prewar  level  of  production  was  surpassed  (refer  to 
table) . 

Smelter  Deposit,  Region  Annual  Production  (Tons) 


Kirovograd 

Karabash 

Korsak-Pay 

Tanalyk-Bajnnak 

Alaverdy 

Zangezur 


Urals  11,370 
Urals  10,800 
ICazakhstan  5,4SO 
Bashkiria  3»420 
Armenian  SSR  2,250 
Armenian  SSR  820 


In  the  middle  of  1933 »  planning  we.s  started  for  a  copper  combine 
based  on  the  newly-discovered  Blyava  deposits  of  chalcopyrite  ores.  The 
plant  was  planned  and  built  in  accordance  with  a  Norwegian  layout: 
cuprous  pyrites  mixed  with  10  per  cent  coke  dust  were  smelted  in  a  water- 
jacket  fbrnace  with  a  closed  top  to  copper  matte,  slag  and  sulfur 
vapor,  which  when  condensed  in  waste-heat  boilers,  produced  liquid 
sulfur. 

The  copper  industry  was  developed  intensively  in  the  three  pre¬ 
war  Five  Year  Periods,  These  operating  copper  smelters  vrore  completely 
reconstructed  and  expanded:  the  Karabash,  the  Kirovograd,  and  the  Al¬ 
averdy,  The  Irtysh  Plant  was  put  into  operation.  Two  nev/,  modern 
copper  smelting  combines  were  built  —  the  Sredneural ' sk  and  the  Balk¬ 
hash. 
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The  Sredneural'sk  Copper  Smelting  Combine,  located  near  Revda, 
is  one  of  the  larger  enterprise  of  the  copper  industry  of  the  Urals. 

The  raw  materials  base  of  the  smelter  is  the  large  Degtyarinsk  Deposit 
of  chalcopyrite  ores  with  an  average  copper  content  of  about  1.5  per 
cent.  The  ores  also  cctitain  zinc,  arsenic,  and  gold.  They  are  sub¬ 
jected  to  flotation  concentration  to  separate  copper  and  pyrito  con¬ 
centrates.  The  technological  layout  for  processing  the  copper  ceon- 
centrates  conssists  of  the  following  operations:  roasting  the  copper 
concentrates  in  mu^-tihearth  roasters;  smelting  the  roasted  concentrates 
in  a  reverberatory  furnace  on  a  coal  dust  fuel;  besseraerizing  the  matte 
in  convertors;  and  pyro-refining  the  crude  copper  in  a  flame  /reverber¬ 
ator^  furnace.  Provision  has  been  made  for  the  use  of  the  sulfur  gases 
from  the  roasting  furnaces  and  converters  in  making  sulfuric  acid. 

Steam  boiler  facilities  were  planned  to  make  use  of  the  heat  from  the 
waste  gases  from  the  reverberatory  furnaces. 

The  Balkhash  liining  and  Metallurgical  Combine^  which  rises  up 
from  the  desert  shores  of  Lake  Balkhash,  and  operates  on  a  base  of  the 
Kounrad  Deposit  of  copper  porphyry  ores,  is  one  of  the  larpst  copper 
smelting  enterprises  in  the  Soviet  Union  with  advanced  eq\iipmont. 

The  first  planning  specifications  for  the  construction  of  the  copper 
smelter  in  Central  Kazakhstan  were  drawn  up  by  GIPROTsVETl'IET  in  1930. 

It  was  specified  that  the  plant  would  be  located  in  the  vicinity  of 
Kura  Station,  500  kilometers  from  the  Kounrad  Deposit.  Later,  the 
problem  of  the  location  of  the  plant  was  reexamined  inasmuch  as  the 
copper  smelter  should  receive  chiefly  copper  concentrates  from  the 
concentreation  plant  which  would  process  copper  porphyry  ores  from  the 
Kounrad  Deposit,  whose  reserves  had  been  determined  to  be  sufficiently 
large  by  that  time.  It  was  then  decided  tb  bvdld  the  smelter  and  the 
concentration  plant  on  the  northern  shores  of  Lake  Balkhash,  18  kilof^ 
meters  south  of  the  Kounrad  liinc.  The  plans  specified  pyromctallur- 
gical  processing  of  the  sulfide  concentrates,  with  smelting  in  rever¬ 
beratory  furnaces  and  hydromotallurgical  processing  of  the  oxide  ores 
by  leaching  out  with  sulfuric  acid  solutions.  The  capacity  of  the 
pyrometallurgical  plant  was  planned  for  50,000  tons  of  copper  per 
year,  with  a  possible  expansion  to  100,000  tons;  the  hydrometall\xrgi- 
cal  plant  was  planned  for  an  output  of  15,000  tons  of  copper  per  year, 
with  an  80  per  cent  recovery  of  metal.  The  planning  specifications 
were  approved  in  November  1930.  However,  the  construction  of  the 
hydrometallurgical  plant  was  not  carried  out  later  because  the  recovery 
of  copper  from  the  concentrates  had  reached  75-80  per  cent  due  to 
advances  made  in  the  flotation  of  oxide  ores .  Since  the  oxidized  and 
mixed  ores  made  up  the  upper  zone  of  the  deposit  and  was  worked  only^ 
during  stripping  work,  they  were  sent  directly  to  the  ore  concentration 
plant , 

At  the  same  time  modern  copper  smelters,  operating  on  the  layout 
of  flotation  of  copper  ore  and  smelting  the  concentrates  in  reverbera¬ 
tory  furnaces,  were  being  bviilt,  the  old  water-jacket  furna.ces  were  re¬ 
constructed,  the  technology  of  the  process  was  improved,  tending  the 


-  27  - 


machinary  was  mochanizad,  and  better  teclmical-GConomic  indices  wore 
achieved. 

The  installation  of  a  coal  piilverizing  apparatus  by  each  rever¬ 
beratory  furnace,  forced  delivery  of  secondary  and  tertiary  air  through 
burners,  and  use  of  the  heat  of  w'-ste  gases  under  high-pressure  steam 
boilers  made  it  possible  to  obtain  an  increase  in  the  productivity  of 
the  furnaces  with  a  reduction  in  the  specific  fuel  consiamption  per  unit 
of  melted  charge. 

The  use  of  suspended  magnesite  crowns  lengthened  the  canpaigns 
/rut^y  of  reverberatory  furnaces. 

Preliminary  drying  and  roasting  of  high-sulfur  copper  concentra¬ 
tes,  painstaking  charging  of  nmtorials  and  loading  with  hot  charges 
have  also  contributed  to  increased  productivity  of  reverberatory  fur¬ 
naces  and  improved  tcchnical-ocoonomic  indices  of  the  process. 

By  the  beginning  of  World  War  II,  the  soviet  Union  already  pos¬ 
sessed  a  highly  developed  and  mighty  copper  industry  located  within 
the  depths  of  the  nation,  far  from  the  frent.  By  mobilizing  internal 
resources,  eliminating  bottle-necks  in  individual  enterprises,  and 
perfecting  the  technology  of  production,  the  workers  and  the  engineers 
put  a  great  amount  of  effort  into  satisfying  the  requirements  of  the 
war  period  for  copper. 

The  Kyshtym  Electrolytic  Copper  Plant  -vdiich  was  wholly  recon¬ 
structed  before  the  war,  was  new  and  one  of  the  largest  in  Europe;  the 
Pyshma  Electrolytic  Copper  Plant,  aid  also  the  electrolytic  copper  de¬ 
partments  in  the  nickel  plants  which  process  copper-nickel  ores  com¬ 
pletely  supplied  the  nation  with  electrolytic  copper. 

In  the  postwar  period,  during  the  Fourth  and  Fifth  Five-Year 
Periods,  the  inprovemont  of  technology  and  techniques  of  production 
was  continued.  As  a.  result  of  improved  mixing  of  the  charge,  a  more 
even  of  matorieJis  to  the  smelting  facilities,  and  rational  canbustion 
of  fuels,  the  specific  melts  in  reverberatory  and  shaft  furnaces  in¬ 
creased  steadily.  Large  experimental  pro^Jects  on  automatization  of 
tending  reverberatory  furnaces  yielded  favorable  results. 

Preparatory  work  was  carried  out  for  nei?  construction. 

Construction  was  started  on  a  metalliorgical  enterprise  on  the 
base  of  the  mighty  Dzhezkazgan  Deposits  which  should  consist  of  an  ore 
concentration  plcant  and  a  copper  smelter;  in  the  meantime  the  copper 
concentrates  obtained  from  the  Dzhezhazgan  Ore  Concentratiohn  Plant 
are  hauled  to  the  Balkhash  Plant.  Large  deposits  of  chalcopyrite  ores 
discivered  at  Sibay  (Bashkir  SSR)  have  become  the  base  for  a  new  ore 
concentration  plant  which  sends  copper  and  copper-zinc  concentrates 
to  the  copper  siiielters  of  the  Urals. 

Construction  of  the  Almalyk  Copper  Enterprise  which  is  to  con¬ 
sist  of  mines,  an  ore  concentration  plant,  and  a  copper  smelter  prede¬ 
termines  the  development  of  the  copper  industry  in  Uzbekistan.  In  the 
ore  concentration  plant  being  built  at  Almalyk,  the  dressing  of  oxide 
and  mixed  ores  id  done  by  a  combination  hydrochemical  method  which  com¬ 
bines  in  a  single  apparatus  the  processes  of  leaching  out  copper  with 
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a  sulfuric  acid  solution  and  cementation  of  copper  with  a  finely  crushed 
metallic  iron  and  flotation  of  cemented  copper.  According  to  the  plan- 
ningj  the  copper  concentrates  obtained  should  be  processed  by  electro¬ 
thermal  smelting.  The  use  of  this  scheme  in  the  industry  vdll  open  the 
way  for  the  use  of  analogous  ores  from  the  deposits  of  Boschekul’^ 
Pirodoudan,  and  others . 

Scientific  experimental  work  on  intensification  of  copper  pro¬ 
duction  is  leading  in  the  direction  of  roasting  copper  sulfide  concen¬ 
trates  in  the  boiling  layer 3  cyclic  smelting  of  the  copper  charge; 
autothermal  smelting  of  copper  sulfide  concentrates  with  an  oxygen 
blast;  the  use  of  air  enriched  with  oxygen  in  smelting  with  water- 
jacket  furnaces  and  the  bessermerizing  of  copper  matte;  to  using  a 
continuous  process  in  the  bessemerizing  of  matte;  and  the  electric 
smelting  of  copper  concentrates. 

IV.  MODERN  SCIENTIFIC  aND  TECHNICAL  PROBLEMS  OF  SOVIET  NONFSRROUS  ’ 
KTALLURGI 

In  the  40  years  of  development  of  Soviet  nonferrous  metallurgy, 
the  technological  layouts  which  formed  the  bases  of  new  construction 
projects  were  gradually  improved  in  exploitation;  the  efforts  of  sci¬ 
entific  research  workers  and  innovators  brought  about  constant  improves 
ments  in  the  design  of  equipment  and  intensified  individual  operations* 

Processes  were  mechanized  and  automatized,  the  specific  (per 
unit  of  smelted  metal)  consumption  of  materials  and  power  was  reduced, 
and  the  productivity  of  labor  was  increased.  The  percentage  of  recov¬ 
ery  of  metals  and  their  quality  improved  continually. 

At  the  same  time, as  a  result  of  studies  of  an  exploratory  nature 
which  were  carried  on  in  scientific  research  institutes,  laboratories, 
and  in  pilot  facilities,  a  large  amount  of  theoretical  and  experimental 
material  was  accumulated  which  predetermines  the  way  for  further  deve¬ 
lopment  of  the  metallurgy  of  nonferrous  metals  on  a  new  and  higher 
technological  level. 

The  directives  of  the  Congress  of  the  KPSS  in  respect  to  the 
Sixth  Five-Year  Plan  for  the  Development  of  the  National  Econongr  of 
1956  -  i960  point  out  that  the  Soviet  Nation  now  has  at  its  disposal 
all  the  prerequisites  for  solving,  on  the  paths  of  peaceful  economic 
competition,  the  basic  economic  task  of  the  USSR  in  the  historically 
shortest  time  —  that  of  catching  up  with  and  surpassing  the  most 
highly  developed  capitalist  coxmtries  in  per  capita  production. 

Fulfillment  of  this  task  in  nonferrous  metallurgy  should  be  based 
on  observation  of  the  two  basic  propositions? 

Losses  of  metal  in  all  stages  of  technological  reduction  —  in 
extracting  the  ores  and  bringing  them  to  the  surface,  in  the  processes 
of  ore  concentration,  in  the  metallurgical  operations  of  processing  the 
ores  and  concentrates  with  winning  crude  metals  and  in  their  subsequent 
refining  —  should  be  minimal. 
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Complex  processing  of  polymetallic,  multicomponent  ores  should 
be  observed  —  all  valuable  components  of  the  raw  ores  should  be  com¬ 
pletely  recovered  in  the  form  of  production  ready  for  consumption. 

The  positive  solution  of  these  problems,  with  continual  estab¬ 
lishment  of  essential  sanitary  and  hygienic  conditions  of  socialistic 
labor,  presupposes  uninterrupted  improvement  and  intensification  of 
existing  processes^  searches  for  new  technological  procedures  and  high- 
production  equipment,  and  frequent  radical  changes  in  the  processes 
for  winningmetals. 

In  order  to  ensure  the  planned  gigantic  growth  in  the  mining 
of  nonferrous  metals  in  the  near  future  it  will  be  necessary  to  carry 
out  a  great  amount  of  work;  to  make  an  extensive  survey  of  the  reserves 
in  the  ground,  to  map  the  boundaries  of  deposits,  to  select  the  most 
effective  methods  of  mining,  to  prepare  the  delivery  of  ore  to  the  sur¬ 
face,  and  to  carry  out  its  beneficiation  and  the  processing  of  the  con¬ 
centrates  obtedned  into  metals  and  alloys. 

It  is  necessary  to  take  into  consideration  the  specific  natinre 
of  the  economics  of  nonferrous  metallurgy.  The  geological  features  of 
deposits  of  the  ores  of  nonferrous  metals  are;  the  scattered  nature  of 
the  small  (as  compared  with  iron  ores)  thickness  of  the  beds;  the  var¬ 
ied  nature  of  the  structure  of  the  beds  which  are  found  in  the  form  of 
small  lenses,  veins,  blocks,  et  cetera,  which  complicates  the  choice  of 
a  rational  system  for  mining  and  the  delivery  of  ore  to  the  surface. 

The  ores  of  nonferrous  metals  are  distingiiished  by  the  complexity  of 
their  mineralogical  conqposition.  Their  polymetallic  nature  and  their 
low  content  of  individual  metals  consitute  a  peculiarity  of  many  ores. 

In  many  polymetallic  ores  the  value  of  the  accompanj'’ing  metals,  in 
particular  rare  and  noble  metals,  frequently  surpass  the  value  of  the 
principal  metals  several  fold.  This  gives  rise  to  the  urgent  need  to 
rationalize  technological  processes  with  the  purpose  of  recovering  the 
accompanying  metals . 

The  most  serious  attention  should  be  directed  to  the  possibility 
of  concentrating  accomparQd.ng  metals  from  the  group  of  rare  and  scattered 
elements  in  different  intermediate  products  of  production.  In  this 
connection,  dust  catching  and  refining  of  ferrous  metals  beccaues  exceed¬ 
ingly  important,  inasmuch  as  the  dust  and  the  wastes  of  production  are 
collectors  of  a  number  of  very  valuable  element  s . 

It  is  essential  to  make  the  maximum  effort  to  overcome  the  diffi¬ 
culties  connected  with  the  complication  of  technological  procedures  for 
processing  ores  with  many  con5»onents, 

tiaximum  electrification  of  the  processes  for  winning  and  refining 
metals  is  one  of  the  main  ways  for  the  progressive  development  of  non- 
ferrous  metallvirgy. 

Use  of  electric  power  in  the  metallurgy  of  nonferrous  metals  is 
possible  for  electrochemical  purposes  (direct  cicrrent)  and  for  electro¬ 
thermal  piu'poses  (alternating  current). 
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The  application  of  direct  current  in  refining  ferrous  metals  and 
the  electrodeposition  of  metals  from  aqueous  and  molten  media  has  ac¬ 
quired  vri.de  use  in  the  metallvxrgy  of  nonferrous  metals.  Almost  ^1  the 
crude  copper,  bismuth  lead,  crude  nickel  produced,  part  of  the  tin  are 
subjected  to  refining  by  electrolysis  in  aqueous  electrolytes.  Alumi¬ 
num  is  partially  subjected  to  electroyltic  refinini^  vri-th  the  applicat¬ 
ion  of  a  molten  electrolyte.  Electrochemical  methods  for  refimng 
crude  metals  permits  obtaining  cathode  metals  of  high  purity  vri.th  sim¬ 
ultaneous  concentration  of  valuable  admixtures  in  the  anode  product. 

Thus,  in  the  electrolytic  refining  of  copper,  the  anode  slime  contains 
noble  metals,  selenium,  and  tellurium]  in  the  refining  of  lead^ —  sil¬ 
ver  and  bismuth]  in  refining  nickel  —  the  platinoids,  gold,  silver, 
selenium,  and  tellurium]  in  refining  aluminum  —  gallium. 

Electrolytic  methods  for  separating  metals  from  aqueous  solu¬ 
tions  and  from  molten  forms  are  used  in  the  metallurgy  of  annumber  of 
metals.  The  overvrhelming  portion  of  the  vforld  production  of  zinc  is 
obtained  by  the  electrolysis  of  an  aqueous  solution  of  its  sulfate. 

About  20  per  cent  of  the  vrorld  production  of  copper  is  obtained  by 
electrolysis  of  an  aqueous  solution  of  copper  sulfate.  In  aluminum 
production,  the  electrolysis  of  aluminate  in  molten  cryolite  is  the 
principal  technological  process.  Magnesium  is  obtained  chiefly  by 
electrolysis  of  molten  chlorides.  The  electrochemical  method  of  pro¬ 
cessing  matte  metals  is  worthy  of  attention.  With  anode  dissolution 
of  copper -nickel-cobalt  sulfide  alloys  or  matte  in  sulfuric  acid  solu¬ 
tions,  all  three  metals  enter  into  the  electrolyte  with  simultaneous 
cathode  deposition  of  metallic  copper.  Noble  metals  and  elementary 
siILfur  remain  in  the  anode  slime.  The  cobalt  is  then  separated  from 
the  nickel-cobalt  electrolyte  in  the  form  of  the  hydroxide  by  oxidiz¬ 
ing  with  ozone.  Nickel  is  separated  electrolytically  from  the  purified 
solution  of  nickel  sulfate  in  baths  vri.th  diaphragms  and  an  insoluable 
anode.  Depositions  of  cobalt  hydroxide  are  dissolved  in  sulfuric  acid. 
The  cobalt  is  deposited  electrolytically  from  the  solution  in  the  form 
of  a  ptu'e  cathode  metal. 

With  anode  dissolution  of  copper-lead-zinc  sulfide  alloys  or  matte 
in  aqueous  solutions  of  sulfuric  acid,  the  copper  and  zinc  go  into  the 
electrolyte  vri.th  simultaneous  deposition  of  the  copper  on  the  cathode. 
Noble  metals,  lead  sulfate,  and  elementary  sulfur  remain  in  the  anode 
slime.  Zinc  is  deposited  electrolytically  from  the  purified  zinc  solu¬ 
tion. 

The  electrolysis  of  the  sulfides  of  metals  in  molten  media  vri.th 
winning  of  metals  and  elementary  sxilfur  is  a  prospective  trend  in  tech¬ 
nical  electrochemistry. 

The  development  of  technical  electrochemistry  in  nonferrous  met- 
aUiargy  should  be  directed  toward  the  study  of  anode  and  cathode  pro¬ 
cesses  with  the  purpose  of  decreasing  the  specific  consumption  of  elec¬ 
tric  power  per  unit  of  metal  aind  also  of  imporving  the  qviality  of  the 
cathode  deposits. 
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A  considerable  portion  of  the,  heavy  nonferrous  metals  is  smelted 
in  shaft  and  reverberatory  fvirnaces  with  the  consumption  of  large  masses 
of  air  used  in  combustion  of  the  fuel.  At  this  time,  in  view  of  the 
volatility  of  large  portion  of  nonferrous  and  rare  metals  and  their 
chemical  compounds  at  the  high  temperatures  and  the  high  velocities  of 
the  streams  of  gas,  a  singnificant  carrying  away  of  metals  is  observed. 
Therefore,  as  a  rule,  all  metallurgical  aggregates  should  be  equipped 
with  effective  facilities  for  gas  scrubbing  and  dust  catching  and  also 
for  regeneration  of  the  heat  of  waste  gases. 

The  application  of  electric  furnaces  in  the  smelting  of  ores  and 
concentrates  vMch  contain  nonferrous  and  rare  metals  permits  a  defini¬ 
te  retionalization  of  the  smelting  process.  Undoubted  advantages  of 
eleectric  smelting  aggregates  include  automatic  regulation  and  rapid 
reaching  of  required  temperatures,  lack  of  fuel  gases,  and  the  possi¬ 
bility  of  mechanization  and  hermetization.  Electrothermal  methods  can 
be  applied  to  the  smelting  of  copper  and  copper-nickel  sulfide  ores  and 
concentrates  to  matte;  in  smelting  oxide  nickel  ores  to  matte  or  nickel- 
iron  alloys;  in  reduction  smelting  of  lead  agglomerates;  in  the  contin¬ 
uous  distillation  of  zinc  from  roasted  zinc  concentrates;  in  the  smel¬ 
ting  of  oxide  nickel  ores  to  matte  or  nickel-iron  alloys;  in  reduction 
smelting  of  lead  agglomerates;  in  the  continuous  distillation  of  ainc 
from  roasted  zinc  concentrates;  in  the  smelting  of  roasted  copper-lead- 
zinc  sulfide  products  to  metal,  matte,  and  vapor  phases;  in  the  reduc¬ 
tion  smelting  of  cassiterite  to  tin;  nickel  and  cobalt  oxides  to  metals; 
cyanides  to  aluminum-silicates,  etc  cetera, 

The  smelting  of  nonferrous  metals  in  resistance  electric  furnaces 
with  the  use  of  slag  as  a  heating  body  gives  rise  to  a  number  of  techn- 
nical  problems  whose  solution  will  require  corresponding  theoretical 
and  ejqDerimental  studies.  Study  is  required  of  the  chemism  of  non- 
equilibirium  reactions  in  systems  of  a  metal-sulfur — oxygon — ^metals— 
oxygen-carbon,  the  conditions  of  dynamic  eqxiilibrium  between  slag, 
matte,  and  metal,  electrical  conductivity  and  the  viscosity  of  slags, 
the  mechanism  and  kinetics  of  processes  which  are  going  on  in  electro¬ 
thermal  furnaces. 

New  prospects  in  the  metallurgy  of  metals  obtained  at  the  moment 
of  reduction  in  vapor  state  open  the  way  for  the  application  of  electro¬ 
thermal  furnaces  which  heat  with  high-frequency  induction  currents. 

The  use  of  electrothermal  processes  with  vacuum  (vacuum  metal¬ 
lurgy)  or  high  pressures  (autoclave  metallurgj’’)  is  very  promising.  The 
use  of  air  enriched  with  oxygen  or  pure  oxygen  for  metallurgical  and 
thermal  purposes  is  of  very  great  importance  in  intensifying  many  metal- 
lxu*gical  processes. 

The  rate  of  the  processes  of  zone  roasting  of  sulfide  products 
in  furnaces  and  in  agglomeration  machines,  of  bessemerizing  of  matte, 
of  the  combined  process  of  roasting  and  smelting  of  copper  sulfide  con¬ 
centrates  in  suspension  in  reverberatory  furnaces  is  largely  determined 
by  the  initial  concentration  of  oxygen  in  the  gas  mixture  and  attains 
maximum  values  when  pure  oxygen  is  used. 
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The  use  of  air  enriched  with  oxygen  in  shaft  furnaces  not  only 
makes  it  possible  to  increase  the  temperature  in  the  focus  of  the  fw- 
nace,  but  also  increases  the  initial  concentration  of  carbon  monoxide 
in  the  gas  mixture,  thus  making  possible  a  more  rapid  course  of  reduc¬ 
tion  reactions, 
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The  metallurgy  of  the  heavy  nonferrous  metals  has  passed  along 
a  great  path  of  development  during  the  existence  of  the  Soviet  State. 

It  has  been  transformed  from  a  small,  weakly-developed  branch  of  pro¬ 
duction  with  artisan  technology  into  a  mighty  industry  equipped  with 
new  technology.  Our  country  now  produces  all  the  necessary  metals, 
Soviet  nonferrous  metallurgy  occupies  second  place  in  the  world  in  re¬ 
spect  to  scale  f of  production. 

This  article,  which  examines, the  metallurgy  of  the  principal 
heavy  nonferrous  metals;  copper,  nickel,  lead,  and  zinc,  will  contain 
a  brief ^elucidation  of  the  winning  of  these  metals  by  metallurgical 
processes. 

One  may  mark  the  following  four  periods  in  the  d  evelopment  of 
Soviet  nonferrous  metallurgy. 

1,  The  restoration  period  which  begins  in  1918  and  extends  to 
1925  -  1927.  The  principal  task  of  this  period  was  to  resture  normal 
work  in  the  basic  enterprises  of  the  copper,  lead,  and  zinc  industries 
which  had  existed  before  the  Revolution. 

2.  This  period  extended  from  1925  -  1927  tq  1941.  The  tasks 
were  established  of  the  reconstruction  of  old  mines  and  plants  and  the 
construction  of  new  enterprises,  also  the  organization  of  the  produc¬ 
tion  of  new  metals  hitherto  not  produced  in  the  USSR,  for  example, 
nickel,  also  cadmium,  bismuth,  and  other  accessory  metals  which  ac- 
conpany  the  heavy  nonferrous  metals , 

3,  During  World  War  II  it  was  essential  in  the  first  instance 
to  support  the  level  of  production  already  attained,  then,  so  far  as 
possible,  to  bring  it  to  the  size  determined  by  war  time  requirements. 

4.  In  the  period  after  the  war  and  at  the  present  time,  the 
main  task  conssists.in  the  most  rapid  possible  restoration  of  the  non- 
ferrous  metallurgical  enterprises  which  had  suffered  in  the  war  and  at 
present  it  amounts  to  a  mighty  development  of  the  production  of  the 
heavy  nonferrous  metals,  and  the  complex  utilization  of  all  the  valuable 
components  of  the  raw  material  through  advanced  technology. 
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1.  THE  METALLURGY  OF  THE  HEAVY  NONFERROUS  IIETALS  IN  PRE-REVOLUTIONARY 
RUSSIA 

In  1913  33»700  tons  of  copper,  1,500  tons  of  lead,  and  2,900 
tons  of  zinc  in  Russia,  which  did  not  satisfy  even  the  modest  require¬ 
ments  of  the  vpsakly-developed  industry  of  that  time.  Production  of 
nickel  did  not  esdlst  at  all,  even  though  M.  Danilov  and  G.  Permyakin 
2,  ^  attenqjted  to  organize  its  production  from  the  ores  of  the 
Revda  region  in  the  Urals  in  the  I87O  -  1690’s,  Every  year  Russia  im¬ 
ported  a  considerable  amount  of  nonferrous  metals  from  abroad j  for 
example,  about  15  percent  of  the  nation's  total  consumption  of  copper, 

97  percent  of  the  lead,  and  73  per  cent  of  the  zinc  were  in^jorted  in 
1913  /~4_7»  '^he  per  capita  cons^mlption  of  copper  in  1913  in  Russia 
amounted  to  0.2  kilograms,  vdiile  it  was  more  than  3  kilograms  in  Sig- 
land  and  the  United  States  £ 5_7.  The  raw  materials  resources  of  ttie 
country  were  not  used  satisfactorily  and  they  amounted  to  a  total  of 
0.6  -  4.8  per  cent  of  the  available  active  reserves  /”6_7. 

By  making  use  of  the  difficult  situation  of  our  mining  industry 
in  the  period  immediately  after  1905,  foreign  financial  capital, chiefly 
English  and  French,  subordinated  to  its  influence  a  singnificant  part 
of  the  enterprises  of  nonferrous  metallurgy.  In  1913  80,3  per  cent 
of  the  total  extraction  of  copper  in  Russia  was  in  the  hands  of  foreign 
capital. 

In  spite  of  the  low  level  of  developnent  of  Russian  nonferrous 
metallurgy  from  the  second  half  of  the  18th  Century,  progressive  ideas 
were  advanced  in  Russia,  Thus,  the  use  of  the  moist  blast  is  now  con¬ 
sidered  very  important  in  smelting  /”7i  87*  Moreover,  this  method  was 
applied  in  Russia,  in  the  Suzunskiy  Plant,  in  the  roasting  of  copper 
matte  as  early  as  the  first  half  of  the  19th  Century  9,  10,  1]^,  It 
was  established  that  vrtien  a  moist  blast  was  used,  the  process  of  oxida¬ 
tion  of  sulfides  was  speeded  up  by  approximately  30  per  cent  and  many 
admistures  vrtiich  would  lower  the  quality  of  the  smelted  copper  were  re¬ 
moved  from  the  gases  at  this  time.  In  1966,  the  engineer  V,  A,  Semen- 
nikov  was  first  to  suggest  and  test  the  bessemerizing  of  copper  matte 
in  converters  in  the  Bogoslovskiy  Plant  (Urals).  He  succeeded  in  smel¬ 
ting  white  matte  from  matte  which  contained  31  P®r  cent  copper,  that 
is,  to  oxidize  all  the  iron  present  in  the  matte.  In  1967  V.  Semen- 
nikov  and  N.  Latetin  also  conducted  a  number  of  interesting  experimental 
melts  by  bessemerizing  with  a  steam-air  blast  in  the  Votkins  Plant 
if 12  7. 

As  early  as  the  1880  -  1890's,  the  casting  of  blocks  from  refuse 
copper  slag  was  organized  in  the  Bogoslovskiy  Plant.  The  roads  and  areas 
they  paved  exist  to  this  day.  The  production  of  sulfuric  acid  fromthe 
gases  obtained  in  roasting  copper  ores  was  begun  in  this  plant  in  1887 
2i3,  14,  17. 

These  attempts  at  complex  utilization  of  polymetallic  nonferrous 
ores  were  far  from  being  the  first.  Gold  and  silver  were  recovered  from 
copper  ores.  The  heat  liberated  in  oxidizing  sulfide  ores  was  used  for 
heating  and  smelting  charges  of  ore.  An  experiment  consisting  of 
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uniting  roasting  and  smelting  in  one  aggregate  conducted  in  the  1890  s 
in  the  Kedabek  Copper  Works  was  interesting.  Such  a  combined  furnace, 
despite  its  small  size,  smelted  a  total  of  30  tons  a  day,  using  fuel 
which  weighed  only  15.5  per  cent  as  much  as  the  ore  [VlJ .  Combined 
roasting  and  smelting  of  sulfide  copper  and  nickel  charges  of  ore  are 

widely  practiced  at  present,  .  j.,  r.  n 

The  studies  conducted  by  V,  A.  Vanyukov  in_1904  in  the  Bogoslov¬ 
skiy  Plant  determined  the  expediency  of  substituting  coke  for  charcoal. 
The  use  of  coke  was  started  in  1906  in  the  Urals  for  smelting  copper 

ores  in  shaft  furnaces.  _  „  ('-luc/ 

Interesting  suggestions  were  made  by  the  engineer  Danilov 
1966)  regarding  the  processing  in  the  ftevda  Plant  of  nickel  ores  into 
nickel  cast  iron  and  by  G.  M.  Permyakin  (1878)  on  smelting  Urals  oxide 
nickel  ores  to  matte  with  the  aid  of  pyrites.  The  method  of  smelting 
cast  iron  from  nickel  ores  was  carried  out  in  1940  in  accordance  with 
the  suggestion  of  V,  V,  Mikhaylov  (Urals  Branch  of  the  Academy  of  Sci¬ 
ences,  USSR)  in  the  Nizhne-Salda  Plant  while  the  method  of  smelting 
nickel  ores  to  matte  has  been  applied  since  1933  in  the  Ufaley  Nickel 

Plant.  ...  4.4. 

In  Russian  nonferrous  metallurgical  plants  a  great  deal  of  atten¬ 
tion  was  always  given  to  the  quality  of  the  mtal  obtained.  Thus,  the 
method  of  electrolyzing  copper  with  a  copper  anode  was  first  developed 
in  Russia.  A  deapartment  for  electrical  refining  of  copper  was  built 
in  the  "Krasnyy  vyborzhets"  Plant  in  1900.  V.  A.  Vanyukov  conducted 
important  studies  on  pyroirefining  of  copper  in  the  Byysk  Copper  Works, 

Nonferrous  metallurgy  in  Russia  fell  into  ruins  during  World 
War  I  due  to  the  shortage  of  workers,  the  lack  of  timely  supply  of  raw 
materials,  other  materials,  and  fuel.  Copper  production  fell  to  46.3 
per  cent  of  the  1913  level  in  1917,  and  lead  production  fell  to  about 
8-10  per  cent  of  the  1913  level, 

II.  THE  SOVIET  EPOCH.  THE  RESTORATION  PERIOD. 

The  enterprises  of  the  nonferrous  metallurgical  industry  were 
nationalized  by  the  Decree  of  28  June  1918,  However,  the  implementation 
of  the  plans  outlined  that  year  for  increasing  the  extraction  of  nonfer¬ 
rous  metals  was  interrupted  by  the  Civil  War  and  the  Intervention,  The 
nonferrous  mining  industry,  which  was  concentrated  in  the  Urals,  in 
Siberia,  and  in  the  Transcaucasus ,  almost  wholly  turned  out  to  be  in 
the  hands  of  counterrevolutionists  and  interventionists.  When  the  enemy 
did  abandon  any  industrial  areas,  under  the  onslaughts  of  the  Red  Army, 
they  flooded  mine  shafts,  dismantled  the  basic  machinery  ahd  hauled  it 
away  fromthe  plants  and  mines.  Thus,  they  put  out  of  commission  the 
Kalatinskiy  Plant  (^ee  Note7  The  modern  names  of  the  plants  will  be 
given  later.)  (Nov  the  Kirovograd  Combine),  the  Pyshraa-Klyuchevskiy 
and  the  Karabash  Coppsr  Works  in  the  Urals,  the  zinc  plant  in  Ekibastuz 
in  the  Altay,  the  Alaverdy  Plant  in  the  Caucasus,  and  others. 
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In  the  period  from  1918  to  1922  no  copper  was  smelted  from  ore 
in  our  country  on  account  of  the  above  reasons.  The  demand  for  copper 
was  satisfiedoessentially  by  remaining  stocks  and  scrap.  These  mater¬ 
ials  were  reworked  in  plants  for  processing  nonferrous  metals  im  Lenin¬ 
grad,  Kol’chugino,  and  .(.ula.  According  to  the  approximate  figures  of 
Professor  V,  Ye,  Petrosov,  the  production  of  secondary  copper  in  Russia 
amounted  to  2,053  tons  in  1918,  200  tons  in  1919,  and  about  2,000  tons 
in  1920. 

The  turning  point  in  the  metallurgy  of  copper,  as  in  the  while 
national  economy,  began  in  1921  after  the  Party  Congress  which  adopted 
a  resolution  on  the  transition  to  the  New  Economic  Policy.  Work  has 
started  on  restoring  the  copper  mines  and  smelters.  The  Korovograd 
Copper  Smelting  Combine  in  the  Urals  was  the  first  to  be  put  into  oper¬ 
ation  in  1922.  At  first  the  smelter  worked  on  supplies  of  ore  which 
had  been  mined  before  the  enterprise  was  stopped.  A  fire  in  the  Kal- 
stinskiy  Mine,  which  was  on  the  site  of  the  smelter,  disrupted  the 
plans  which  provided  that  this  mine  was  to  be  the  main  supplier  for  the 
smelter.  It  was  necessary  to  pmp  out  the  Karpushinskiy  and  the  Belor- 
echensk Mines  vMch  were  located  about  20  kilometers  from  the  smelter. 
This  placed  the  smelter  in  a  difficult  position  on  account  of  stoppages 
in  the  supply  of  ore  due  to  the  poor  transp>ortation  and  also  on  ac¬ 
count  of  the  lack  of  personnel  who  had  sufficient  experience  in  the 
smelting  of  the  ores  of  the  Karoushinskiy  Mine  which  were  strongly 
mixed  with  zinc,  V,  S,  Gulin  pointed  out  that  the  Kirovograd 
Smelter  had  lost  4,A47  tons  of  zinc  in  smelting  16,53S  tons  of  this 
•ore  in  five  months  of  1922. 

The  Nizhne-Kyshtym  Electrolytic  Plant  was  put  into  operation  in 
November  1922. 

The  reverberatory  furnace,  then  the  shaft  furnace  of  the  Pyshma 
Klyuchevskiy  Copper  Smelter  (Urals)  were  put  into  operation  in  July 
1924,  Available  supplies  of  ores  in  the  dumps  with  a  3  per  cent  copper 
content  and  brass  scrap  which  had  come  in  from  the  outside  were  re¬ 
worked  in  this  smelter .  The  matte  obtained  from  smelting  the  ore  was 
processed  in  two  S-ton  basic  converters.  In  November  1925  the  plant 
was  stopped.  /Sic/. 

Despite  the  presence  of  large  stocks  of  red  copper  in  the  coun¬ 
try,  ^d  the  intensive  reworking  of  brass  scrap,  and  the  reopening  of 
the  Kirovograd  Copper  Smelter,  it  was  discovered  as  early  as  1923-1924 
that  the  copper  industry  could  not  satisfy  the  rapidly  growing  needs 
for  this  metal.  The  production  and  consumption  of  copper  in  that  year 
are  characterized  by  the  following  figures  (tons)  ^0/; 

Smelted  in  the  Kirovograd  Smelter  from  ores 
Obtained  from  reworking  brass  scrap 
Obtained  from  stocks  of  red  copper 
Purchased  abroad 


-  2,620 

—  4,340 

—  11,420 

525 


Total  consumed 
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18,905  tons  of 

copper 


The  approaching  "copper  hunger"  demanded  that  ^ediate  measures 
be  taken.  The  Tanalyk-Baymak  Copper  Smelter  in  Bashkiria  ^s  put  into 
operation  at  the  end  of  1924  after  a  lengthy  deactivation  (since  1917}. 
Rich  ores  from  a  number  of  small  deposits  vd.th  a  content  of  5**d  p®r 
cent  copper ^  12— 14  grams  of  gold  per  ton,  and  80—100  grams  of  silver 
per  ton.  The  presence  of  up  to  40  per  cent  fine  ore  compelled  the  use 
of  a  reverberatory  furnace  in  addition  to  a  shaft  furnace.  The  imtte, 
•which  contained  up  to  30  per  cent  copper,  was  besseraerized  in  acid  con¬ 
verters,  The  crude  copper  obtained  was  cast  into  anodes  and  sent  to 
the  electrolytic  plant  for  refining. 

Ih  1925  the  Alaverdy  Copper  Smelter  was  restored  in  the  Cauca¬ 
sus.  This  smelter,  which  had  produced  about  37  per  cent  of  aU.  the 
copper  smelted  in  the  Caucasus  before  the  war,  had  been  deactivated 

from  1917  to  1925.  /s  , j 

Even  in  1921  the  Ehglish  capitalist  L.  URKVART  /Transliterated* 
presumably  Urquart/,  a  stockholder  of  the  Kyshtym  Mining  Plants  Com¬ 
pany  vrtio  was  led  as  he  asserted  "by  strictly  humanitarian  considera¬ 
tions  to  aid  Russia",  offered  to  take  over  the  Karabash  Copper  and  the 
Leninogrosk  Lead-Zinc  Enterprises  as  concessions.  He  guaranteed  that 
they  would  be  put  into  operation  and  that  the  respective  metals  would 
be  minedj  in  particular,  he  offered  "out  of  humanity"  to  smelt  up  to 
4,918  tons  of  copper  at  Karabash  in  1926,  even  though  this  smelter  had 
produced  8,754  tons  of  copper  even  in  1913.  The  So'viet  governmoit  re¬ 
fused  to  sign  the  one-sided  contract.  Karabash  was  restored  by  our 
own  efforts.  The  making  of  apparatus  for  restoration  work  was  started 
in  January  1925.  The  restoration  had  to  be  done  under  exceedingly 
diffievat  conditions,  but  the  smelter  started  to  produce  copper  on 
22  May  1925.  .  .. 

The  restoration  of  the  copper  smelting  industry  was  essentially 
canpleted  when  the  Alaverdy  and  the  Karabash  Smelters  were  put  into 
operation  in  1925.  As  a  result  of  this  work,  the  production  of  copper 
had  increased  markedly  and  amounted  to  9,042  tons  in  1924-1925  as 
compared  with  1,7^5  tons  in  1922-1923. 

During  the  period  of  restoration  of  the  copper  industry  of  the 
USSR,  So'viet  scientists  and  engineering-technical  personnel  had  made 
significant  contributions  to  improving  this  branch  of  tehhnology. 

N,  N,  Barabashkin  developed  a  technological  layout  for  proces¬ 
sing  the  slimes  of  the  Kyshtym  Copper  Smelter  ifAiich  permitt^  recovery 
of  copper,  nickel,  selenium,  gold,  and  silver  from  them.  With  the 
participation  of  A,  M.  Gayev  and  N,  P»  Diyev,  this  technology  'was  intro¬ 
duced  in  1925  in  the  Kyshtym  Smelter,  then  in  the  newly  constructed 
Pyshma  Smelter  in  1929-1933. 

Academician  A,  A.  Mykov  founded  the  theory  of  pyrite  smelting 
/2^,  vdiich  was  the  principal  method  of  smelting  copper  out  of  ore  in 
the  restoration  period.  This  work  established  the  role  of  coke  in 
smelting,  the  conditions  for  obtaining  rich  matte  were  clarified  along 
with  the  necessity  for  smelting  chalcopyrite  ores  at  a  low  particle 
size.  A.  A.  Baykov  developed  a  method  for  calculating  charges  for 


-  37  - 


pyrite  smelting  by  starting  vdth  heat  engineering  data.  He  proved  that 
oxidization  of  a  part  of  the  iron -sulfides  to  ferrites  in  this  process 
is ' cessential  for  ensuring  the  required  heat  conditions, 

A,  A,  Baykov's  conclusions  were  confirmed  by  V.  I.  Smirnov  ^l7 
by  analyzing  the  results  obtained  by  shaft  furnace  smelting  of  chal- 
copyritc  ores  in  the  Kirovograd  and  the  Karabash  Smelters  and  later  by 
other  authors  _j/227  who  studied  the  behavior  of  charge  materials  in  the 
shaft  furnace  smelting  of  sulfide  copper  ores. 

In  1923  -  1925  V.  Ya.  Mostovich  proved  that  ferrites  constitute- 
an  essential  component  of  copper  matte. 

By  the  end  of  the  restoration  period,  the  personnel  working  in 
the  Kirovograd  Copper  smelter  had  succeeded  in  accumulating  a  consider¬ 
able  cimount  of  experience  in  smelting  zinc-containing  copper  sulfide 
ores  in  shaft  furnaces,  Masteiyof  smelting  of  charges  which  contained 
a  large  amount  of  fine  particles  was  begun  in  the  Tanalyk-Baymak, 
Alvordy,  and  Zangezur  anelters. 

The  Elektrostsink  Plant  (formerly  the  Alagir  Plants  in  the 
North  Caucasus  was  the  chief  producer  of  lead  and  zinc  in  Russia,  In 
1913  the  plant  produced  97  per  cent  of  all  the 'lead  in  the  country  and 
almost  all  the  zinc.  The  distillation  method  was  used  in  producing 
zinc.  The  raw  material  consisted  of  lead  and  zinc  concentrates  ob¬ 
tained  from  the  lead-zinc  sulfide  ores  of  the  Sadon  Deposit  which  were 
subjected  to  mechanical  dressing  at  the  Mizur  Ore  Concentration  Plant, 
Losses  of  metals  in  this  operation  were  so  high  thatit  was  considered 
uporifitable  to  process  ores  with  a  zinc  content  of  less  than  16  per 
cent  and  lead  less  than  6  per  cent  in  the  plant.  After  a  comparatively 
short  period  of  deactivation,  the  enterprise  was  put  into  operation  in 
1922.  In  I922-I923  190  tons  of  lead  and  18?  tons  of  zinc  were  produced. 

In  1922  likewise,  work  was  renewed  in  the  Alt ay  Combine  (former¬ 
ly  Ridder,  now  the  Leninogorsk  Plant),  whose  construction  had  begun  be¬ 
fore  the  Revolution,  but  had  not  been  completed.  V,  A.  Vanyukov  took, 
an  active  part  in  restoring  the  Leninogrosk  and  the  Ekibastuz  Plants. 
Here  a  small  ore  concentration  plant  was  opened  to  process  quartzites 
which  contain  gold.  Lead  concentrates  from  this'  plant  were  sent  to 
the  Ekibastuz  Lead  Plant,  in  which  a  small  shaft  furnace  had  been  built 
by  this  time.  In  1922-1923,  117  tons  of  lead  was  produced  in  the 
Ekibastuz  plant. 

The  presence  of  deposits  of  rich  lead  ores  in  Kazakhstan  which 
lay  almost  at  the  surface  of  the  ground  and  which  contained  no  zinc  or 
copper  caused  the  organization  and  the  smelting  oflead  in  quantities 
up  to  hundreds  of  tons  ins  everal  artisan  plants  in  the  period  up  to 
1926. 

The  Elektrotsink  Plant  gradually  increased  its  capacity.  In 
1924-1925  it  produced  645  tons  of  lead,  in  1925  -  1926  884  tons,  and 
in  1926  -  1927  943  tons.  ,  The  production  of  zinc-  in  this  plant  in  the 
same  years  was,  respectively,  1,492,  1,888,  and  2,666  tons. 


During  the  restoration  period,  production  men  as  well  as  scien¬ 
tists  working  in  the  lead-zinc  industry  devoted  their  main  attention 
to  problems  of  concentrating  lead-zinc  ores,  sintering  lead  concen¬ 
trates,  smelting  the  agglomerate  in  shaft  furnaces,  and  also  to  pro¬ 
blems  of  the  electrolytic  production  of  zinc.  In  the  middle  of  iVo 
pilot  facilities  were  built  and  put  into  operation  in  the  Leninogorsk 
Plant  for  making  electrolytic  zinc.  It  produced  the  first  1,5 
this  metal  in  a  period  from  July-Sept ember  19^3  25,  t.he 

Kirovograd  Copper  Smelter,  V,  A,  Aglitskiy  and  N.  P,  Diyev^^22/  o 
ed  the  first  electrolytic  zinc  from  Karpushinskiy  copper-zinc  ore  by 
means  of  consolidated  pilot  facilities. 

III.  THE  PERIOD  OF  RECONSTRUCTION  AND  THE  CONSTRUCTION  OF  NEW  ENTER'- 
PRISES 

The  decree  ^^OSTANOVLENIE/  of  the  government  of  the  USSR  of  10 
June  1925  provided  for  the  construction  of  the  Krasnoural'sk  Combine 
(formerly  the  Bogomolovskiy)  which  was  to  consist  of:  a  copper  smelter 
vdth  an  output  of  10,000  tons  a  year,  vath  future  expansion  to  24,000  - 
25,000  tons,  four  mines,  a  broad-gauge  railroad  from  Verkhnaya  Station 
to  the  Plant  and  a  number  of  other  subjects.  At  this  time  it  was  de¬ 
cided  to  eapiand  the  operating  copper  smelters  and  the  corresponding  ^ 
mines  and  also  to  open  new  mines  inthe  Copper— Zinc  Deposits  imeni  Third 

International,  .  « 

In  1925  the  problem  of  the  restoration  and  construction  of  the 
Karsakpay  Copper  Smelter  in  Kazakhstan  was  also  solved.  The  construc¬ 
tion  of  this  smelter,  which  was  intended  to  process  ore  from  Dzhezkaz- 
^n,  was  started  back  in  1914.  The  fuel  was  to  come  from  the  Baykonur 
pits.  By  the  time  that  the  restoration  and  construction  work  was 
started,  the  construction  was  about  50  per  cent  complete.  Most  of  the 
buildings  had  been  built  but  the  metallurgical  fxirnaces  and  many  other 
aggregates  had  not  been  built.  The  conditions  for  building  this  plant 
were  exceedingly  severe  —  it  was  located  375  kilometers  from  the  rail¬ 
road  in  an  uninhabited  locality  without  water,  and  no  skilled  labor  was 
available.  In  spite  of  all  the  difficulties,  the  plant  was  commissioned 
and  produced  its  first  copper  on  19  October  1928. 

In  December  1925  the  XIV  Party  Congress  approved  the  plan  for 
industrialization  of  the  nation.  It  was  necessary  sharply  to  accelerate 
the  tempo  of  development  of  nonferrous  metallurgy.  A  number  of  measures 
were  adopted  for  this  purpose;  in  particular,  a  special  f\md  for  fin¬ 
ancing  was  set  up. 

Work  was  intensified  on  the  expansion  and  reconstruction  of  the 
old  enterprises  which  had  been  put  into  operation  —  the  nxmiber  of  op¬ 
erating  furnaces  was  increased;  the  capacity  of  airblast  facilities  was 
increased;  the  measures  were  taken  to  return  metallurgical  dust  to  the 
production  cycle;  and  work  was  carried  on  to  the  utilization  of  sulfur 
vapor.  Thus,  in  the  Kirovograd  Smelter  a  belt  conveyor  was  built  for 
sintering  metallurgical  dust  in  1926;  the  construction  of  a  third  shaft 
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furnace  1.4  x  11,3  meters  size  was  completed  as  a  supplement  to  the  two 
on  hand,  along  with  changes  and  in^jrovements  in  the  removal  of  waste 
slag,  the  construction  of  a  third  converter  with  a  compressor  was  star¬ 
ted,  and  the  construction  of  a  sulfuric  acid  tower  plant  was  organized 
to  make  use  of  the  sulfur  vapor  from  the  shaft  fxirnaces  in  1927.  Two 
SPIRLE  /fraSislitereted7  were  installed  in  the  "Plektrot sink"  Plant  in  , 
1927  for  roasting  zinc  ores  7^27* 

As  a  result,  the  production  of  copper  in  the  USSR  rose  to  13,606 
tons  in  1926 -I927  against  9,042  tons  in  1924-1925;  the  production  of 
zinc  increased  in  the  same  time  to  2,666  tons  against  1,492  tons. 

By  the  beginning  of  the  First  Five-Year  Period,  the  copper  and 
the  lead-zinc  industries  of  the  USSR  had  already  made  considerable  pro¬ 
gress.  By  1928  the  production  of  lead  had  reached  2,344  tons,  that  is, 
it  had  surpassed  the  1913  level  and  the  production  of  zinc  (2,246  tons) 
and  copper  (1,898  tons)  /Translator's  note;  Apparently  a  misprint, 
perhaps  it  should  be  11,899  ton^  approached  it  closely. 

In  the  First  Five-Year  Period  (1928-1932),  the  work  on  the  re¬ 
construction  and  construction  of  the  enterprises  connected  with  the 
principal  heavy  nonferrous  metals  had  increased  sharply.  Capital  in¬ 
vestments  in  it  during  this  period  exceeded  the  capital  outlays  up  to 
October  1928  by  7.4  times.  In  the  First  Five-Year  Period  the  following 
were  con:5)leted  and  put  into  operation;  the  Krasnoural'sk  Copper  Smelter 
(1931);  the  distillation  zinc  plants  at  Konstantinovka  in  the  Ukraine 
(1930)  and  the  Belovo  in  Western  Siberia  (l93l);  and  the  Sikhote-Alin' 
Lead  Plant  with  hearth  smelting  (1932), 

During  the  period  1929-1932,  these  copper  ore  consentration 
plants  were  put  into  operation,  the  Kirovograd,  Pyshma,  and  Krasnoural'¬ 
sk  in  the  Urals,  and  ICarsakpay  in  Kazakhstan, 

Construction  was  started  on  the  Chimkent  Lead  and  the  Balkhash 
Copper  Plants  in  Kazakhstan,  and  the  Chelyabinsk  Zinc  and  the  Ufaley 
Nickel  Plants  in  the  Urals.  The  production  of  copper  in  1932  was  2,4 
times  greater  than  it  was  in  1927-1928  and  1.5  above  the  1913  level. 

Lead  production  rose  respectively  by  8.1  and  13  times  and  zinc  by  6.2 
and  4.4  times.  Nevertheless,- the  copper  and  the  lead  and  zinc  enter¬ 
prises  of  the  USSR  could  not  satisfy  the  growing  requirements  and  the 
consun53tion  of  imported  nonferrous  metals  was  significant  --  36  per 
cent  of  the  nation's  total  consumption  of  copper,  60  per  cent  of  the 
lead,  and  56  per  cent  of  the  zinc. 

During  the  Second  Five-Year  Ppriod,  the  results  from  numerous 
scientific  research  and  eaqjerimental  production  projects  started  in  the 
USSR  as  early  as  the  restoration  period  began  to  be  applied  in  practice 
in  the  copper,  lead,  and  zinc  industries.  During  the  years  spent  in 
putting  the  Korovograd  Copper  Smelter  and  the  "Elektrotsink"  Plant  into 
operation,  and  as  a  result  of  eacperimental  work  inthe  Leninogorsk  Com¬ 
bine  (1922-1926),  ideas  were  advanced  concerning  the  need  for  wider 
utilization  of  the  copper-zinc  and  the  copper-lead-zinc  ores  of  the 
Caucasus,  the  Urals,  and  the  Altay  as  complex  ores.  It  was  established 
that  the  technical -economic  indices  of  the  work  of  the  old  ore  concen- 
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tration  plants,  the  Miziir  and  the  Leninogorsk,  were  unsatisfactory  as 
much  metal  went  into  the  tailings.  It  was  decided,  therefore,  to  con¬ 
vert  to  a  new  method  of  ore  dressing — flotation.  Many  ejqjerimental  and 
theoretical  projects  were  carried  out  for  this  purpose  (refer  to  the 
article  by  V.  A.  Glembotskiy  "Concentration  of  the  Ores  of  Nonferrous 
and  Rare  ifeta3is"j  page  415) •  Ihe  first  modern  plant  for  ore  dressing 
by  flotation  of  porphyry  copper  ores  was  commissioned  in  April  1929  at 
the  Karsakpay  Copper  Smelter.  About  the  same  time  the  Mizur  Ore  Con¬ 
centration  Plant  for  concentrating  lead-zinc  ores  (Caucasus)  was  re¬ 
constructed  and  put  into  operation.  Later  the  number  of  ore  concen¬ 
tration  plants  for  processing  copper  ores  began  to  increase  very  ra¬ 
pidly.  At  present  a  large  portion  of  the  copper,  lead,  zinc,  and  nickel 
arrive  at  the  metallurgical  plants  after  suitable  concentration. 

The  commissioning  of  a  number  of  ore  concentration  plants  which 
produced  an  output  rich  in  the  principal  metal  and  lean  in  admixtures 
with  small  grain  size  (to  0.06  millimeters)  was  reflected  in  the  tech¬ 
nology  of  the  metallurgical  enterprises.  The  copper  smelting  industry 
started  to  use  roasting  and  reverberatory  smelting;  the  use  of  hearth 
smelting  was  made  possible  in  lead  production;  and  it  was  necessary  to 
reorganize  the  processes  for  roasting  copper  and  zinc  concentrates  and 
sintering  lead  concentrates. 

Thus,  in  the  metallurgy  of  the  heavy  nonferrous  metals,  the  study 
and  the  mastery  of  the  following  were  the  most  important  in  the  First 
Five-Year  Period:  the  roasting  of  the  copper  concentrates  in  the  Kras- 
noural'sk  Copper  Smelter;  the  roasting  of  zinc  concentrates  in  multi¬ 
hearth  mechanical  roasting  furnaces  in  the  Konstantinovka  and  Belovo 
Plants;  the  sintering  of  lead  concentrates  in  sintering  facilities  in 
the  "Elektrot sink"  Plant;  the  smelting  of  copper  concentrates  in  rever¬ 
beratory  furnaces  in  the  Krarabash,  Karsakpay,  and  Krasnoural’sk  Copper 
belters  and  the  ore  hearth  smelting  of  lead  concentrates  in  the  Sikhote- 
Alin'  Plant. 

At  the  time  rich  lead  concentrates  (75  per  cent  lead)  were  pro© 
cessed  in  the  "Elektrostsink"  Plant.  Before  sintering,  two  fluxes  were 
added  to  these  ores,  and  before  shaft  furnace  smelting  they  were  thinned 
out  by  dump  slag  down  to  a  20  per  cent  lead  content  in  the  charge.  Thus, 
the  rich  lead  raw  material  was  thinned  by  fluxes  and  slag  to  a  quarter 
its  original  lead  content  and  was  smelted  in  shaft  furnaces  in  the  form 
of  a  lean  charge. 

As  a  result  of  successful  experiments  conducted  directly  in  the 
plant,  M.  Loskutov  completely  replaced  all  the  formerly  used  fluxes  with 
dump  slag  in  1931  and  enriched  the  charge  for  shaft  furnace  smelting  up 
to  50  -  55  per  cent  lead . 

As  a  result  of  this,  the  cost  of  metallurgical  processing  of  lead 
concentrates  was  reduced  and  the  productivity  of  the  plant  rose  several 
times. 

In  1927  planningand  research  work  was  started  on  the  smelting 
nickel  from  the  oxidized  nickel  ores  of  the  Ufaley  Area.  Professor  N, 

N.  Baraboshkin,  the  engineers  A,  A,  Mironov,  B,  V,  Lipkin,  and  others 


had  a  large  share  in  them.  The  first  melts  of  nickel  ore  from  this 
area  were  produced  in  a  small  round  shaft  furnace  of  the  Affinazhn]^ 
Plant  in  Sverdlovsk,  then  in  1931  in  a  shaft  furnace  of  rectangular 
cross  section  in  the  Polevskoy  Copper  Smelter,  Subsequently  the  en¬ 
tire  production  layout  developed  for  the  Ufalye  Nickel  Plant  was 
tested,  which  included:  briquetting  the  charge,  smelting  the  bri¬ 
quettes  with  gypsum  and  limstone  to  matte,  sending  a  blast  through  it 
into  a  converter  and  changing  it  into  white  matte,  dead  roasting  the 
latter,  mixing  the  nickel  oxide  with  meal  and  making  briquettes  which 
were  then  fired  in  retorts  with  charcoal. 

In  1927-1929  V,  A,  Vanyukov  suggested  a  method  £)r  processing 
the  Darasun  complex  ores,  developed  a  method  for  smelting  Dzhezkazgan 
copper  ores  to  rich  matte  which  were  sent  to  the  Karsakpay  Smelter, 
and  also  participated  in  the  study  of  a  method  of  processing  ores  in 
a  suspended  state.  During  the  same  period  he  began  work  oh  establihh- 
ing  a  complex  hydroflotation  method  for  processing  pyrite  cinders  and 
ores  which  is  of  great  importance  in  the  modern  copper  industry. 

In  the  second  Five-Year  Period  (1933-1937) >  in  accordance  with 
the  resolutions  of  the  XVII  Party  Congress  to  "achieve  particularly 
rapid  tenqDos  in  the  development  and  the  technical  re-equipping  of  non- 
ferrous  metallurgy  and  to  carry  out  the  final  conversion  to  a  modern 
method  for  winning  copper  (flotation,  reverberatory  furnaces)  and  ex¬ 
tensively  to  introduce  the  advanced  electrolytic  nethod  into  the  pro¬ 
duction  of  zinc,  thus  winning  70  pon  cent  of  the  zinc  produced  in 
1937"j  the  tempos  of  growth  in  the  production  of  copper,  lead,  and  zinc, 
were  accelerated  to  a  greater  degree  than  in  other  branches  of  the 
national  economy. 

Although  1,5  billions  of  rubles  were  invested  in  nonferrous 
metallurgy  in  the  First  Five-Year  Period,  4  billions  of  rubles  were 
invested  in  the  Second.  Investments  in  the  copper  industry  increased 
5.3  times,  as  compared  with  the  capital  investments  made  in  the  First 
^ve-Year  Period,  and  4,1  times  in  the  lead-zinc  industry. 

During  the  Second  Five-Year  Period  the  following  were  put  into 
operation:  the  Chimkent  Lead  Plant  (1934) ,  part  of  the  Balkash  Copper 
Smelter,  the  Chelyabinsk  Electrolyiiic  Zinc  Plant  (1935),  the  electro¬ 
nic  department  of  the  Slektrot sink  (1934),  the  Ufaley  Nickel  Plant 
(1933),  the  Pyshma  Electrolytic  Copper  Plant  (1934),  the  Rezh  Nickel 
Plant  (1936),  and  a  number  of  other  enterprises.  The  commissioning  of 
new  enterprises  and  also  a  number  of  measures  put  into  effect  in  the 
operating  enterprises,  led  to  a  sharp  increase  in  the  output  of  heavy 
nonferrous  metals j  in  1935>  63,247  tons  of  copper  were  smelted  in  the 
USSR,  36,444  tons  of  lead,  and  46,196  tons  of  zinc.  By  1937  this  led 
to  an  almost  complete  cessation  of  imports  of  zinc  and  sharply  cur¬ 
tailed  the  purchase  of  copper  and  lead  abroad  2307. 

In  1937  the  relative  share  (of  the  total  production)  of  ocpper 
produced  in  reverberatory  furnaces  reached  almost  60  per  cent,  and  elec¬ 
trolytic  zinc  50.9  per  cent. 
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During  the  Second  Five-Year  Period,  as  in  the  preceding  period, 
intensive  work  was  done  on  the  theory  and  practice  of  the  production  of 
the  heavy  nonferrous  metals.  V,  A.  Vanyukov,  G.  Ya.  Leyzerovich,  with 
a  nximber  of  co-workers  studied  the  roasting  and  smelting  of  copper 
concentrates  in  suspended  state  ^1,  3^.  Acting  on  a  suggestion  made 
by  V.  A.  Vanyukov  ^  the  personnel  of  the  Karsakpay  Copper  Smelter 
succeeded  in  reducing  the  consumption  of  pyrite  in  smelting  with  rever¬ 
beratory  furnaces,  then  completely  ceased  inporting  pyrites  from  the 
Urals.  At  the  same  time,  the  enterprises  mastered  the  bessemerization 
of  copper  matte  with  a  50-60  per  cent  copper  content  .  lyiarked  pro¬ 
gress  was  achieved  in  the  Krasnoural ' sk  Copper  Smelter  in  roasting  and 
reverberatory  furnace  smelting. 

V.  A.  Vanyukov,  D,  I.  Lisovskiy,  V.  M.  Smironov,  N.  P.  Diyev, 

A,  A.  Tseydler,  and  their  pupils  participated  in  the  study  of  different 
separations  in  the  Krasnoiural '  sk  Plant  /3^. 

Ore  hearth  smelting  in  the  Sikhote-Alin'  Plant  was  subjected 
to  painstaking  and  repeated  studies. 

Academician  G,  G.  Urazov  developed  the  theory  of  precipitation 
and  reaction  ore  hearth  smelting  of  lead  ores  and  concentrates.  N.  A. 
Gosteyev  ^67  and  F.  M.  Loskutov  fyj]  studies  the  effects  of  different 
factors  on  ore  hearth  smelting.  In  particular,  the  necessity  was  proved 
for  caking  the  fine  dust  formed  in  the  work  of  the  hearths.  Compara¬ 
tive  studies  made  at  the  Leninogorsk  Lead  Plant  showed  that  the  agglo¬ 
merate  obtained  from  conveyor  sintering  machines  was  reduced  to  metal 
more  rapidly  than  that  obtained  in  agglomerating  boilers  on  accoutt  of 
less  fusion.  Experience  with  sintering  of  lead  ores  and  concentrates 
on  a  conveyor  machine  in  the  Chimkent  Plant  showed  that  losses  of  lead 
due  to  volatization  were  caused  to  a  large  extent  by  the  amount  of 
blast  used  during  sintering  and  the  dampness  of  the  charge.  During 
the  same  period  lengthy  studies  were  started  in  the  Leninogorsk  Lead 
Plant  on  the  conditions  for  smelting  agglomerate  containing  much  zinc 
and  copper  simultaneously  in  shaft  furnaces.  The  difficulty  was  due  g 
to  the  fact  that  it  was  necessary  to  leave  a  large  amount  of  sulfur  in 
the  charge  in  order  to  eliminate  the  harmful  effect  of  the  copper  on 
the  smelting,  and  to  liquidate  the  harmful  effect  of  the  zinc,  on  the 
other  hand,  it  was  necessary  to  remove  the  sulfur  during  sintering. 
Smelting  copper-zinc  materials  with  pyrite  in  a  special  ^aft  furnace 
to  matte  and  contaminated  crude  lead  was  also  organized  in  this  plant 

238?. 

Intensive  studies  were  carried  out  during  those  years  on  problems 
of  producing  zinc  by  electrolysis:  roasting  zinc  concentrates,  leaching 
out  )  and  especially  the  purification  of  solutions,  and  the  process 
of  electrolysis  itself.  In  1934,  V.  G,  Ageyenkov,  and  Ye,  A.  Tsaginkan 
7407  studies  the  elmination  of  cobalt  from  zinc  solutions.  In  1936-1937 
the  production  of  cadmium  from  copper-cadmium  cakes  obtained  as  a  waste 
product  of  zinc  production  in  the  Leninogorsk  and  the  Hektrotsink 
Plants  JJiQ  was  mastered. 
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A  great  amount  of  experimental  and  research  vrark  was  done  in  the 
Second  Five-Year  Period  on  the  metallurgy  of  nickel,  for  example,  on 
the  formation  of  ferronickel  during  smelting  of  oxide  ores  in  a  shaft 
furnace  and  on  the  smelting  of  materials  rich  in  magnesium  oxide  in  the 
same  aggregate  /427.  As  a  result  of  the  studies,  the  Ufaley  Plant  was 
converted  in  1935  to  producing  metallic  nickel  from  its  oxide  in  elec¬ 
tric  arc  furnaces.  P,  S,  Kusakin  (Urals  Branch  of  the  Academy  of 
Sciences,  USSR')  had  a  large  part  in  this  work. 

In  accordance  with  the  resolutions  of  the  XVIII  Party  Congress 
the  task  was  set  for  the  Third  Five-Year  Period  to  increase  the  produc¬ 
tion  of  nonferrous  metals  to  proportions  which  would  ensure  satisfac¬ 
tion  to  the  rapidly  growing  requirements  of  the  national  economy  and 
the  defense  of  the  nation.  The  production  of  copper  in  1942  was  to  be 
increased  2.8  times.  In  this  connection  it  was  necessary  to  complete 
the  construction  of  the  Balkhash,  Mednogorsk,  and  the  Sredneural'sk 
Copper  Smelter  Combines,  also  the  Severonikel'  Plants  and  the  Yuzhur- 
alnikel*  Plant,  at  the  same  time  improving  production  in  exisiting 
plants.  It  was  especially  essential  to  intensity  work  on  the  conqjlex 
utilization  of  raw  materials. 

In  193s  the  Yuzhuralnikel ’  (South  Urals  Nickel  Combine)  was  com¬ 
missioned,  in  1939  the  kednogorsk  Copper-Sulfur  Plant  which  produced 
elementary  sulfur  and  crude  copper,  also  the  very  large  flotation  plant 
in  Leningorsk.  In  1939-1940  the  majority  of  the  departments  of  the 
Severonikel'  ^Abbreviation  not  known,  apparently  Northern  Nickel7 
Plant  and  the  Sredneural'sk  Copper  Smelter  had  started  work. 

In  the  Third  Five-Year  Period  the  main  attention  in  nickel  metal¬ 
lurgy  was  devoted  to  mastering  the  smelting  of  oxidized  nickel  ores. 

The  smelting  of  sulfide  ores  and  agglomerates  in  shaft  furnaces  was 
also  mastered  in  the  Ufaley,  Rezh,  Yuzhnoural'sk  Plants,  and  in  the 
Severonikel'  Plant. 

During  these  years  the  production  of  cobalt  from  converterslags 
of  nickel  productionwas  begunj  the  efforts  of  scinetists  and  production 
personnel  led  to  rapid  mastery  of  this  new  product.  S.  A,  Pletnev 
Z  437  and  A,  A.  Tseydler  were  occupied  with  developing  a  rational  pro¬ 
cedure  for  extracting  cobalt  from  Soviet  raw  materials.  V.  I.  Smirnov 
and  D.  I.  KosovskLy  studied  the  conditions  of  work  of  shaft  furnaces 
for  smelting  converter  slags.  N.  Demenev,  N.  P,  Diyev,  P.  S,  Kusakin, 
and  I.  S.  Beresnov  studies  the  separation  of  cobalt  into  matte  by  pro¬ 
cessing  liquid  converter  slags.  I.  G.  Shcherbakov,  M.  A.  Loskarev,  and 
A.  G.  Loshkarev  developed  a  method  for  extracting  cobalt  from  metallic 
nickel  and  white  matte  by  a  procedure  which  included  electrolysis . 

V,  A.  Vanyukov,  F,  M.  Luskutov,  A.  A.  Tseydler,  and  others  con¬ 
ducted  a  whole  series  of  studies  of  the  properties  of  slags  from  copper, 
nickel,  lead,  and  tin  melts  with  the  objective  of  reducing  irrever¬ 
sible  losses  of  metals. 

The  center  of  attention  in  the  field  of  copper  metallurgy  was  im¬ 
provement  of  the  thermal  performance  of  reverberatory  furnaces  k5, 
and  their  design,  also  perfecting  the  technology  of  this  type  of 
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smelting  JW ^  Important  studies  were  made  in  the  electric  refi^ng 
of  copper  and  the  reworking  of  semi-finished  products  from  ttos  br^ch 
of  production  2^8,  49,  5^.  In  the  metallurgy  of  lead  and^zxnc,  at¬ 
tention  was  devoted  to  sintering,  shaft  furnace  smelting  of  lead  ag¬ 
glomerate,  and  particularly  to  dust  catching  and  the  complex  utiliza¬ 
tion  of  the  dust  C 5_7»  B3'  Since  the  hydrometallurgical  production 
of  zinc  was  comparatively  new  in  the  USSR,  a  great  amount  of  scien^- 
fic  and  practical  production  work  was  devoted  to  it  diiriiig  the  Thira 
Five-Year  Period, 


IV,  THE  WemLD  WAR  II  PERIOD 

The  development  of  war  industries  sharply  increased  the  demand 
for  nonferrous  metals.  On  the  other  hand,  the  production  capacity  of 
nonferrous  metallurgy  declined  in  the  first  part  of  the  war.  The  zinc 
plant  in  Konstantinovka,  the  Elektrotsink  Lead-Zinc  Combine,  and  Ser- 
veronikel'  were  put  out  of  commission.  The  Noril'sk  Mining  and  Metal- 
lurical  Combine  experienced  a  great  deal  of  difficulty . 

A  large  amount  of  new  construction  was  developed  under  severe 
conditions  in  the  rear  eastern  regions  of  the  country.  Work  proceeded 
on  the  reconstruction  and  expansion  of  nonferrous  metallurgical  plants 
of  the  Urals,  Siberia,  and  Kazakhstan  with  use  of  evacuated  equipment. 
Thus,  a  department  for  the  electrolysis  of  nickel  was  put  into  opera¬ 
tion  in  the  Yuzhnoural'sk  Nickel  Plant  during  these  years. _ 

Important  work  was  done  by  the  Commission  for  Mobilization  for 
the  Resources  of  the  Urals,  Western  Siberia,  and  Kazakhstan  for  Defense 
Needs  which  was  established  xmder  the  Academy  of  Sciences,  USSR.  The 
Scientists  and  engineers  in  the  Commission  cooperated  mth  production 
workers  to  search  for  ways  to  increase  the  oxitput,  to  improve  its  q'ual- 
ity,  and  to  in5)rove  the  indices  of  production.  Much  was  done  on  prob-^ 
lems  of  ferrous  and  nonferrous  metallurgy  by  the  Deputy  Chairman  of  this 
Commission,  Academician  I,  P,  Bardin,  In  the  Commission,  Academicians 
A,  A,  Skochinskiy  and  L.  D.  Shchevyakov,  Associate  Members  A.  A,  Ivanov, 
I.  N.  Plaksin,  D.  M,  Chizhikov,  P.  F.  Antipin,  and  also  V.  I.  Smirnov, 

K.  M.  Charkviani,  N.  P.  Diyev,  V,  V.  Rikman,  and  others  worked  directly 
on  problems  of  nonferrous  metallvirgy.  In  conjunction  with  plant  per¬ 
sonnel,  the  Ccanmission  studies  and  presented  to  the  government  a  number 
of  suggestions  on  the  Kirovograd,  Mednogorsk,  Karsakpay,  Balkhash,  and 
Iilysh  Mining  and  Metallurgical  Copper  Combines,  on  the  Ufalyo  ^d  the 
Yuzhnoural'sk  Nickel  Combines,  on  the  Chelsrabinsk  and  Belyaev /sic/  Zinc 
Plants,  on  the  Leninogorsk  Lead-Zinc  Combine,  and  on  a  number  of  •'^other 
large  enterprises  of  nonferrous  metallurgy  in  the  eastern  part  of  the^ 
USSR.  Special  attention  was  devoted  at  this  time  to  the  complex  utili¬ 
zation  of  raw  materials:  to  the  use  of  metallurgical  gases  to  increase 
the  production  of  sulfur  and  sulfuric  acid;  to  the  recovery  from  copper- 
zinc,  copper-lead-zinc,  nickel-cobalt  ores  of  their  valuable  constitu¬ 
ents— copper,  lead,  zinc,  nickel,  cobalt,  cadmium,  antimony,  selenium, 
tellurium,  andoothers. 
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On  the  basis  of  an  analysis  of  the  activities^  for  example,  of 
the  Leninogorsk  Lead-Zinc  Combine,  recommendations  were  made  on  separ¬ 
ating  copper  sulfides  from  the  bulk  of  lead-copper  concentrate  into  ^ 
special  fraction,  thus  reducing  the  copper  content  of  lead  concentrates 
dovm  to  2  per  cent.  It  was , also  recommended  that  the  smelting  of  ma¬ 
terials  under  processing  which  were  rich  in  copper  should  be  smelted 
in  a  special  furnace.  Cpmpiling  a  cadmium  balance  for  the  entire  out¬ 
put  of  the  Leninogorsk  Combine  permitted  the  finding  of  sectors  of 
greatest  losses  of  this  valuable  metal  and  suggesting  suitable  measures 
for  decreasing  them.  In  particular,  certain  changes  in  the  roasting 
and  leaching  of  cadmium  raw  material  helped  to  decrease  the  cadmium 
content  of  lead  cakes. 

On  the  basis  of  work  done  by  D.  M.  Chizhikov,  and  N.  N.  Sevryu- 
kov  at  the  Belovo  Plant  a  method  was  put  into  practice  of  scrub¬ 
bing  vaporized  zinc  in  vertical  carborundum  columns .  Very  important 
research  and  industrial  projects  were  organized  to  separate  cobalt  from 
sulfide  copper-cobalt  and  oxidized  nickel  ores  of  the  Urals  and  also 
for  utilization  of  cobalt  ores.  Success  was  gained  in  obtaining  pyrite 
cobalt  concentrate  by  selective  floatation.  The  use  of  a  nmber  of 
improvements  in  the  reworking  of  cobalt-containing  converter  slags 
markedly  increased  its  recovery  from  this  raw  material  into  matte.  The 
recovery  of  cobalt  in  final  production  was  increased  as  a  result  of 
improvements  in  the  chlorinating  roasting  of  matte,  also  by  developing 
the  conditions  for  electrolytic  solution  of  matte  and  white  matte  en¬ 
riched  with  cobalt  and  making  high-grade  anodes  of  these  materials. 

Research  done  on  studying  the  optimal  slags  when  smelting  cop¬ 
per,  nickel,  lead,  and  cobalt  lead  to  increasing  the  recovery  of  these 
metals  in  smelting  the  basic  raw  naterial.  In  the  luzhnoural’sk  Nickel 
Plant,  for  exanple,the  nickel  content  of  the  dump  slags  amounted  to 
0,26  per  cent  in  1939,  but  was  reduced  to  0,22  per  cent  in  1944.  In 
the  Leninogorsk  Lead  Plant  when  smelting  crude  lead  in  shaft  fxjrnaces, 
measures  were  taken  to  obtain  stable  slags  (up  to  the  time  these  mea¬ 
sures  were  taken,  their  composition  varied  within  very  wide  limits: 

17 — 29  per  cent  for  si02,  34  -  41  p^r  cent  for  PeO,  6-12  per  cent  for 
CaO,  12  -  17  per  cent  for  ZnO),  The  composition  of  optimal  slags  for 
cobalt  smelting  was  studied  by  D,  I,  Lisovskiy. 

Improvement  of  the  organization  of  catching  metallurgical  dust 
had  a  marked  effect.  On  the  basis  of  work  done  by  the  Urals  branch 
of  the  Academy  of  Sciences,  USSR  and  the  Ufaley  Nickel  Plant  y  dust 
catching  from  the  converter  department  of  this  plant  was  organized. 
Additional  sections  of  beta  filters,  et  cetera,  were  put  into  opera¬ 
tion  inthe  Leninogorsk  Plant, 

During  World  War  II,  special  attention  was  devoted  to  the  metal¬ 
lurgy  of  nickel  and  cobalt,  which  were  of  great  importance  in  military 
technology.  Study  of  reducing  sulfidizing  smelting  of  nickel  agglomer¬ 
ate  in  shaft  furnaces  in  the  Yuzhiu*al'sk  Combine  and  experiments  on  its 
intensification  carried  out  in  1942-1943  yielded  markedly  improved  per¬ 
formance.  A  sharp  increase  in  the  amount  of  air  forced  into  the  furnace 


and  proper  loading  of  materials  in  the  charges  resulted  in  incf eased 
smelting  of  the  agglomerate  and  in  decreased  coke  consuirqptxon,  n 
number  of  similaj:’  measures  lead  to  a  marked  increase  in  the  production 
of  nickel  and  cobalt  during  World  War  II, 

V.  THE  PERIOD  FOLLOI/ifING  WORLD  WAR  II 

The  FoClrth  Five-Year  Plan  (1946-1950)  provided  for  the  signifi¬ 
cant  development  of  the  electrification  of  the  country,  machine  build¬ 
ing,  and  increasing  the  capacity  of  ferrous  metallur^  and  the  chemi¬ 
cal  industry.  Increases  in  the  capacity  of  active  mines,  ore  concen¬ 
tration  plants,  and  metallurgical  plants,  also  the  construction  of 

new  enterprises  were  specified,  _  4.u 

First  place  in  the  program  of  capital  construction  lor  the  cop¬ 
per  industry  vas  assigned  to  building  mines  and  ore  concentration  plants 
for  the  Dzhezkazgan  Combine,  Construction  of  a  new  copper  combine  ^ms 
also  started  in  Bashkiria.  Construction  was  started  on  a  copper-moly¬ 
bdenum  combine  on  the  base  of  the  Kadzhar  Deposit  in  the  Annenian  ^  , 

A  great  amount  of  work  Was  done  in  the  Fourth  Five-Year  Period 

on  the  further  development  of  the  lead-zinc  industry;  the  second  stage 

of  the  Tekeli  Combine  was  put  into  operation;  the  ore  base  of  the  Chim¬ 

kent  Lead  Plant  was  strengthened;  new  sections  of  the  Leninogorsk  Ore 
Concentration  Plant  and  the  Zyryznovsk  Fiine  were  put  into  operation; 
new  mining  and  ore  concentration  enterprises  were  built  at  the  Bere- 
zovskiy  and  the  Bclousovskiy  Deposits;  the  Leninogorsk  Lead  Plant  was 
expanded;  the  construction  of  the  Ust’-Kamenogorsk  Lead  and  ZincoPlants 
was  started.  The  capacity  of  the  Chelyabinsk  and  Belovo  Zinc  Plants 
w6ls  !Lncro3.S6d.* 

Great  changes  were  made  in  the  nickel  industry;  the  Pechenga 
Nickel _^EChENGANIKELj7  Combine  was  put  into  operation  (1946),  restora¬ 
tion  of  the  Severonikel’  Combine  was  conqjleted,  the  capacity  of  the 
Noril'sk  Combine  was  increased.  Certain  improvements  were  made  in  the 
Yuzhnoirral'sk  and  the  Ufaley  Nickel  Plants. 

In  the  Fourth  Five-Year  Period,  12  billion  rubles  were  appro¬ 
priated  for  developing  the  nonferrous  metallurgy  of  the  USSR  as  a 
whole,  that  is,  2  billion  rubles  more  than  for  all  the  prewar  Five-Year 
Periods  (1928-1940), 

The  problems  of  the  complex  utilization  of  ores,  concentrates, 
anf  fltoxes  were  studied  still  more  intensively  in  this  Five-Year  Period 
than  in  the  preceding  ones.  Increasing  the  scale  of  produstion  re¬ 
quired  the  use  of  leaner  ores,  for  example,  lead  ores  with  1  per  cent 
lead  content,  and  copper  ores  with  still  lower  copper  content.  The  un¬ 
ceasing  work  on  perfecting  methods  of  flotation  was  of  great  importance 
in  solving  this  problem, 

A  lengthy  study  of  the  processing  of  pplsraietallic  ores  and 
centrates  by  sulfating  ^^roastir^  suggested  by  A.  Ye.  Makovetskj-y 
in  1923  showed  that  it  could  be  used  expediently  in  industry,  especially 
in  the  processing  of  the  intermediate  products  of  the  Leninogorsk  Ore 
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Concentration  Plant.  Some  valuable  material  from  this  study  was  also 
used  by  enterprises  which  operated  according  to  a  standard  procedure. 

In  this  method,  which  consists  of  processing  the  complex  polymetallic 
sulfide  raw  material  with  50  per  cent  sulfuric  acid  at  155  -  170  de¬ 
grees,  96  per  cent  of  the  zinc,  more  than  95  per  cent  of  the  copper, 

98.6  per  cent  of  the  silver  go  into  the  solution  and  99.7  per  cent  cf 
the  gold  is  concentrated  in  the  copper-lead  cake.  Over  50  per  cent  of 
the  sulfur  in  the  raw  material  goes  into  commercial  production. 

Large  scale  studies  on  the  electrolytic  refining  of  metallic 
nickel  and  copper  /56,  52/  obtained  from  sulfide  copper-nickel  ores, 
also  on  methods  for  purifying  solutions  from  admixtures  opened  new 
possibilities  for  improving  the  quality  of  cathode  metal  and  outlined 
a  way  for  increasing  the  recovery  of  cobalt  and  palladium  from  the  raw 
material. 

Application  of  the  method  of  flotation  separation  of  copper-nick¬ 
el  matte  ^laslyanitskij7  to  copper  and  nickel  sulfide  concentrates  sim¬ 
plified  the  processing  copper-nickel  ores  and  led  to  an  increase  in  the 
recovery  of  these  and  accessory  elements  in  the  finished  product. 

T|ie  GIPRONIIQEL*  Institute  worked  out  the  conditions  for  obtain¬ 
ing  a  method  for  the  electrolysis  of  high-grade  nickel  and  cobalt. 

The  GINTsVETMET  Institute  suggested  new  methods  forextracting  seleniimi 
from  the  slimes  of  copper  electrolysis. 

Ejqjcriments  were  conducted  in  the  Belovo  Zinc  Distillation  Plant 
in  1948-1949  on  distilling  cadmium  and  load  in  sintering  zinc  materials 
^8/.  A  certain  amount  of  table  salt  was  added  to  the  charge  for  this 
purpose  and  the  distillation  of  cadmium  rose  to  80  -  85  per  cent.  How¬ 
ever,  this  methodiihas  not  as  yet  been  applied. 

In  view  of  the  importance  of  the  problem  of  complex  utilization 
of  ores,  concentrates,  and  fluxes  in  nonferrous  metallurgy,  the  Ministry 
of  Nonferrous  Metallurgy  of  the  USSR  called  an  all-union  conference  in 
Sverdlovsk  in  1947.  This  conference  took  up  the  questions  of  the  deve¬ 
lopment  of  nonferrous  metallurgy  in  the  hew  five-year  period  and  the 
problem  of  raw  materials  and  their  complex  utilization  not  only  in  the 
production  of  the  basic  nonferrous  metals  (and  sulfur),  but  also  the 
rare,  still  little-used  elements. 

In  order  to  increase  the  degree  of  complex  utilization  of  raw 
material  and  to  raise  the  productivity  of  agregates  in  the  Fourth  Plve- 
Year  Period,  a  number  of  large-scale  laboratory  and  plant  projects  were 
conducted  on  the  use  of  air  enriched  with  oxygen  in  the  copper  smelting, 
nickel,  lead,  and  zinc  industries  /59j  6_^, 

Important  projects  on  the  use  of  o^q^gen  during  shaft  furnace 
smelting  of  oxidized  nickel  ores  were  carried  out  by  the  Yuzhural  'nikel 
Combine  with  the  aid  of  the  GINTsVETMET  and  GEPRONIKEL'  Institutes. 

V,  I.  Smirnov,  M.  A.  Chernyak,  and  M.  A.  Abdeyov  fh'Q  proved  that 
even  24-25  per  cent  enrichment  of  the  air  blast  with  oxygen  in  shaft 
furnace  smelting  of  lead  results  to  a  .20  -  30  per  cent  increase  in  the 
amount  of  charge  processed  and  to  a  15  —  20  per  cent  reduction  in  the 
losses  of  lead  and  noble  metals  in  slag  and  dust. 


The  projects  of  the  UNIPROMED'  /Abbreviation  not  known,  apparent¬ 
ly  Urals  Scientific  Research  Institute  for  the  Copper  Industry/  A. 
Babadzhan)  and  the  Kirovograd  Plant  on  mastery  of  the  method  of  pyro- 
selection  and  of  the  Moscow  Institute  of  Nonferrous  Matals  and  Gold 
imeni  M.  I.  Kalinin  (A.  V.  Vanyukov,  N.  I.  Utkin)  on  development  of  a 
method  for  smelting  in  a  liquid  bath  and  on  the  study  of  cyclone  smel- 

ting.  ^  j 

Study  of  the  thermal  engineering  of  reverberatory  furnaces  and 
increasing  their  heat  capacity  jj>2,  ,  improving  the  form  of  the  flame, 

in^roving  the  preparation  of  furnace  charges  and  methods  for  leading 
them  led  to  a  sharp  improvement  in  the  productivity  of  reverberatory 
smelting  and  a  reduction  in  losses  of  metals  in  the  slag.  A  decrease 
in  fuel  consumption  and  achievement  of  higher  technical-economic  in¬ 
dices  in  this  sort  of  smelting  made  possible  improvements  in  design 
■vdiich  are  introduced  in  reverberatory  furnaces  by  the  Balkhash  and  the 
Krasnoural ' sk  Copper  Smelters  and  the  GIPROTsVETMET  and  UNIPROMED’ 
Planning  Institutes, 

The  theoretical  work  of  Academicians  A,  A.  Baykov,  and  G,  G, 
Uruzov,  and  of  the  Honored  Scientists  and  Engineers  V,  A,  Vanyukov, 
and  N.  P,  Aseyev,  V.  Ya.  Mostovich,  A,  N.  Vol'skiy  and  Kh.  K,  Avetis¬ 
yan  exerted  a  great  influence  on  the  metallurgy  of  the  heavy  nonferrous 
metals. 

In  1950  "the  production  of  copper  surpassed  the  1945  level  by  82 
per  cent,  the  production  of  zinc  and  load,  respectively  by  2.33  and 
2.39  times.  The  production  of  rare  elements  contained  in  the  raw  ma¬ 
terial  used  in  copper  and  lead-zinc  enterprises  markedly  surpassed  the 
prewar  level.  However,  the  results  obtained  still  did  not  satisfy  the 
growing  needs  of  the  country.  Therefore,  the  directives  of  the  XIX 
Congress  of  the  KPSS  in  respect  to  the  Fifth  Five-Year  Plan  again  set 
more  rapid  teii5)os  increasing  the  productionof  nonferrous  metals  as 
compared  with  the  tempos  of  growth  set  for  the  output  of  ferroud  metals. 
With  a  general  increase  in  industrial  production  of  70  psr  cent  in  the 
Fifth  Five-Year  Period,  the  production  of  copper  was  to  be  increased  by 
90  per  cent,  nickel,  by  1.53  times,  lead  ^y  2.7  times,  and  zinc  by  2,5 
times.  In  accordance  with  this,  it  was  provided  that  large  capital  in¬ 
vestments  were  to  be  made  in  this  branch  of  industry.  Special  atten¬ 
tion  was  devoted  in  the  plan  for  mechanization  of  laborious  processes, 
automation,  intensification  of  production  processes,  the  use  of  oxygen 
blasts,  increased  complex  recovery  of  metals  from  ores,  the  ancillary 
use  of  sulfur  vapor  from  pol3mietallic  ores  and  assvirance  of  further 
growth  of  the  output  of  high-grade  metals. 

In  the  Sixth  Five-Year  Period,  as  in  the  Fifth,  attention  was 
directed  mainly  to  introducing  methods  of  complex  processing  of  ores 
and  concentrates.  For  this  purpose,  they  began  to  make  use  of  combined 
procedures  in  production  work  for  processing  raw  materials,  including 
pyrometallurgical  and  hydrometallurgical  methods.  At  the  same  time, 
however,  these  methods  underwent  important  changes. 
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For  exaiaple ,  the  Moscow  Institute  of  Nonf errous  Metals  and  Gold 
imeni  M.  I,  Kalinin,  under  the  guidence  of  A.  V.  Vanjnjkov,  successfully- 
conducted  projects  jointly  with  the  Yuzhural'nikel,  Combine  on  concen¬ 
trating  oxidized  nickel  ores  after  they  had  undergone  preliminary  re- 
duction-sulfidizing  roasting. 

In  order  to  raise  the  degree  of  complexity  of  the  utilization  of 
raw  materials,  the  extensive  introduction  of  zone  roasting  of  sulfides 
and  oxides  was  begun.  The  development  of  basic  theoretical  data  for 
these  processes  was  started  in  the  Institute  of  Mefeillurgy  of  the  Urals 
Branch  of  the  Academy  of  Sciences,  USSR,  and  in  the  GINTsVETMET  Insti¬ 
tute,  There  they  studied,  over  a  wide  range  of  temperatures  and  other 
conditions,  the  mechanics  and  kinetics  of  the  oxidation  of  different 
sulfides,  and  also  the  reduction  of  oxides.  The  technological  condi¬ 
tions  for  zone  roasting  were  worked  out  in  the  GINTsVETMET  Institute 
by  G.  Ya.  Layzerovich  and  in  the  Elektrotsink  Plant  by  G,  M,  Shteyn- 
gart  [ty .  In  addition  to  increasing  the  producti-vity  of  the  roasting 
furnaces  in  zinc  plants,  a  2-3  per  cent  increase  was  achieved  in  the 
solubility  of  zinc  in  the  electrolyte  which  was  developed.  Increasing 
the  sulfurous  anhydride  to  8  -  10  per  cent  (against  4-5  per  cent  in  the 
usual  roasting)  led  to  an  increase  in  the  capacity  of  sulfuric  acid 
plants  of  30  -  40  per  cent.  All  the  zinc  plants  are  now  being  converted 
to  this  method  of  roasting.  Its  use  is  also  being  started  in  the  Sred- 
neural'sk  Copper  Smelter, 

Increasing  the  lead  content  in  its  concentrates  (which  also  con- 
trained  zinc  and  copper)  required  changes  inthe  methods  for  processing 
them  as  it  had  been  necessary  to  make  the  charges  much  leaner  (approxi¬ 
mately  down  to  30  percent  lead)  in  the  usually  accepted  procedure  and 
to  lose  a  great  deal  of  zinc.  The  use  of  electric  furnaces  for  this 


purpose  with  a  bath  of  carbon  blocks  made  it  possible  to  distill  off 
the  zinc,  to  raise  the  recovery  of  lead  in  the  form  of  crude  metal  by 
3-  5  por  cent,  and  to  improve  the  working  conditions  of  the  attending 
personnel.  Exploitation  of  the  electrothermal  facilities  built  for  this 
purpose  in  the  Irtysh  Combine  in  1953  -  1955  confirmed  these  conclusions 


During  the  last  5-  6  years  facilities  have  been  built  in  the  lead 
smelting  plants  of  the  Ust*  -  Kamenogorsk  and  the  Leninogorsk  Combines 
for  furming  dump  slags.  After  fuming  they  can  be  used  in  place  of 
fluxes  in  shaft  furnace  smelting  of  lead.  The  study  of  fuming  processes 
conducted  by  A.  I.  Okunev  in  the  UNIPROilED'  Institute  {U,  6?,  68?  marked 
m  improvement  of  the  fuming  process  in  lead  plants  and  in  the  condi, 
tions  for  processing  the  zinc  slags  of  copper  smelting  enterprises 
VELTsEVANIE  ^Translator • s  note :  English  term  not  knn  ! 
a  continuous  process  in  which  the  raw  material  is  fpH  ^^is  is 

rotary  furnace  in  which  a  blast  of  air  is  intr-nH»  inclined 

counter  to  the  movOfflent  of  the  material  whi^h 
ing  the  process.  The  volatile  zinraJd  iSh  ^ 
filters  for  recovery J  of  the  cake  f rm^^l nnt  through 

widely  used.  In  this  processing,  the  recover  yttae^eLhJ^ll  i",. 
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per  cent  and  lead  92  per  cent,  Inthe  Belovo  i^inc  Plant  the  oxides  are 
CT.anulated  and  sent  to  distillation  retorts. 

Extensive  studies  were  made  during  the  Fifth  Five-Year  Period 
on  dust  catching  and  the  complex  processing  of  metallurgical  dust. 
Workers  from  the  metallurgical  and  chemical  institutes  of  the  Urals 
Branch  of  the  Academy  of  Sciences^  USSR^  the  Kazakh  and  the  Ukrainian 
Academies  of  Sciences,  the  GINTsVETidET  and  UNIPROPiED'  Institutes,  and 
also  enterprises  of  the  copper,  nickel,  and  lead-zinc  industries  par¬ 
ticipated  in  the  work.  The  projected  procedures  for  processing  these 
materials  passed  the  stage  of  plaint  tests,  ^  ^ 

Every  year  sees  even  vd-der  introduction,  in  the  first  instance 
in  the  nickel  industry,  of  electric  smelting  of  concentrates  to  matte 
in  arc  furnaces .  The  applicationoof  this  method  to  the  smelting  of 
copper  sulfide  concentrates,  too,  is  being  examined.  The  conducting 
of  discussions  ^9,  707  has  permitted  many  interesting  decisions |  in 
particular,  suggestions  have  been  made  in  regard  to  increasing  the  re¬ 
covery  of  copper  in  matte,  zinc  in  slag,  and  a  number  of  elements  from 
the  ore  in  the  vapor  phase . 

In  SLCCordarnce  with  tho  dirGctivGS  of  th©  XIX  Congress  of  the 
KPSS,  large  projects  were  undertaken  with  the  purpose  of  expanding  the 
use  of  oxygen  in  the  production  of  the  heavy  nonferrous  metals.  An 
oxygen-making  station  with  a  capacity  of  1000  cubic  meters  of  oxygen 
per  hour  was  built  in  the  Yuzhiioural ' sk  Nickel  Plant,  Experience  with 
the  shaft  furnace  smelting  of  nickel  agglomerate  with  an  air  blast 
containing  up  to  25  per  cent  oxygen  showed  that  the  productivity  of 
the  plant  increased  25  “  30  per  cent,  the  coke  consumption  was  reduced 
15  -  20  per  cent,  and  the  recovery  of  nickel  in  the  matte  was  increased 
3-5  per  cent,  chiefly  due  to  decreased  losses  of  nickel  in  the  dust 
/7l7.  lifork  is  being  continued  on  the  use  of  oxygen  in  this  plant. 

Diiring  the  Fifth  Five-Year  Period,  a  number  of  melts  were  made  in  a 
40-ton  converter  operating  on  an  air  blast  containing  33  -  35  per  cent 
oxygen  in  the  ICrasnoural'sk  Copper  Smelter. 

In  1956  -  1957  a  number  of  oxygen  stations  with  a  capacity  of 
3600  cubic  meters  of  ocygen  per  hour  were  built  for  the  nonferrous  raetal- 
Ixurgical  plants  of  Kazakhstan. 

During  the  Fifth-Five-Year  Period  vacuum  refining  was  used  in 
the  Chimkent  Plant  for  separating  lead  from  zinc  and  vacuum  refining 
was  used  in  the  Chimkent  silver  scum  /72,  7^7.  The  refiming  of  lead 
from  bismuth  ^ij^  was  introduced  in  all  lead  plants.  /Translator's 
note:  Perhaps  this  means  removing  traces  of  bismuth  from  lead  ores/ , 
Studies  conducted  by  G.  G.  Urazov  and  his  co-workers  V,  S.  Lovchinkov 
and  B.;M.  Lipshits  established  a  scientific  and  practical  basis  for 
the  alWali.  method  for  refining  lead,  introduction  of  idiich  method  in 
the  Chimkent  and  the  Ust ' -Kamenogorsk  Lead  Plants  in^roved  the  techno¬ 
logical  indices  of  the  process  for  pyrifying  lead  by  removing  arsenic, 
tin,  and  antimony. 
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The  technology  of  electrolitic  zinc  plants  was  Barkedly  changed. 
For  instance,  wider  use  was  made,  in  the  process  of  leaching,  of  03d.- 
dizing  ferrous  iron  to  ferric  iron  with  the  aid  of  air,  vdiich  partially 
replaced  manganese  dioxide.  Study  of  this  problem  on  a  laboratory 
scale  and  on  a  plant  scale  showed  that  the  presence  of  manganese  in  the 
electrolyte  caused  a  number  of  difficulties  in  the  processes  of  thick¬ 
ening  and  electrolysis  JjQ ,  The  purification  of  the  electrolyte  by 
removing  cobalt  with  ethyl  zanthate  is  widely  practiced.  The  cxirrent 
density  in  this  electrolysis  was  increased.  All  this  led  to  the  fact 
that  the  Fifth  Five-Year  Plan  for  the  total  amount  of  industrial  pro¬ 
duction  was  fulfilled  by  1  May  1955. 

In  many  copper,  lead,  nickel,  and  zinc  enterprises,  the  indices 
figures  on7  of  the  recovery  of  metals  and  the  utilization  of  equipment 
(specific  productivity)  were  notably  Improved.  The  complex  utilization 
of  ores  was  improved;  sulfur  vapor,  cadmium,  selenium,  bismuth,  and  a 
number  of  rare  elements  were  recovered  as  by-products. 

The  recovery  of  copper  in  the  copper  smelters  increased  a  little 
during  the  Fifth  Five-Year  Period,  the  recovery  of  lead  as  crude  metal 
increased  about  2  per  cent,  the  recovery  of  zinc  by  5  -  15  per  cent, 
and  the  recovery  of  nickel  by  1  -  7  per  cent. 

During  the  Fifth  Five-Year  Period  there  was  a  significant  re¬ 
duction  in  the  production  costs  of  metallurgical  separation,  calculated 
on  the  basis  of  one  ton  of  metal.  For  example,  the  cost  of  copper  in 
the  Krasnoural ' sk  Plant  was  reduced  from  871  rubles  in  1950  to  721  ru- 
bles'Un  1955,  lead  to  in  the  Chimkent  Plant  during  those  years  from 
1070  to  898  rubles,  and  nickel  in  the  Severonikel'  Plant  from  13,287 
to  8,862  rubles. 

In  the  Sixth  Five-Year  Period,  the  following  are  to  be  introduced 
into  production:  the  multi-stage  dressing  of  ores,  the  combined  method 
for  concentrating  and  hydrometallurgical  processing  of  ores,  zone 
roasting,  and  electrothermal  and  autoclave  processes,  A  great  deal  of 
attnetion  shoifLd  be  devoted  toscientific  research  and  experimental  workk 
on  searching  out  more  economical  processes  for  winning  nonf err ous  metals, 
and  also  on  further  in^rovement  and  a  mastery  of  the  technology  of  pro¬ 
duction  of  rare  metals  and  comprehensive  study  of  their  properties  and 
fields  of  application. 

The  reconstruction  of  the  Sredneural'sk  Plant  has  been  going  on 
since  1956.  In  this  plant,  also  in  the  Balkhash  Copper  Smelter,  experi¬ 
mental  cyclone  smelting  has  been  conducted  in  reverberatory  furnaces  in 
accordance  with  a  method  suggested  by  the  Kazakh  Academy  of  Sciences 
and  the  All-Union  Institute  of  Fuel  Utilization  in  Sverdlovsk,  The 
Urals  Branch  of  the  Academy  of  Sciences,  USSR  and  the  UNIPROtilD*  Insti¬ 
tute  are  studying  a  process  fbr  oxidizing  copper  sulfide  charges  in  a 
flame  burning  in  oxygen.  The  building  of  slag  distillation  facilities 
is  planned  for  the  Krasnoural' sk  Plant  and  Construction  had  been  started 
on  facilities  for  processing  metallurgical  dust. 
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A  sulfuric  acid  department  is  being  built  in  the  Mednogorsk  Cop¬ 
per-Sulfur  Plant,  facilities  will  be  started  in  the  Kirovograd  Copper 
Smelter  for  utilizing  lean  sulfur  gases,  the  departments  for  processing 
dust  and  distillates  will  be  re-equipped  in  the  Ust ' -Kamenogorsk  Lead- 
Zinc  Combine  and,  in  particular,  a  method  will  be  used  for  sulfating 
lead  dust  to  win  cadmiiM,  indium,  ahd  thallium.  Here,  too,  slag  dis¬ 
tilling  facilities  have  been  built  and  also  facilities  for  freeing 
lead  from  zinc  by  vacuum  smelting. 

In  1955-1957  the  floatation  separation  of  copper-nickel  white 
matte  was  started  in  the  Serveronikel'  Plant. 

The  conditions  for  winning  pure  nickel  through  formation  of  its 
carbonyl  /Translator’s  note:  Apparently  the  Mond  process/  were  studied. 
In  the  near  future  the  carbonyl  method  will  be  used  in  the  Severonikel' 
Plant  and  in  Krasnoyarsk, 

Intensification  of  the  processing  of  lead,  zinc,  and  copper  con¬ 
centrates  through  the  use  of  oxygen  is  planned  for  the  Ust ’—Kamenogorsk 
Balkhash,  and  Irtysh  Plants  and  in  the  Yuzhuralnikel ’  Plant, 

All  these  processes  require  painstaking  study  in  the  scientific 
research  institutes ,  . 


RESEARCH  CN  THE  METALLURGY  OF  TITAIWUM 


Academician  I.  P.  Bardin  and  Candi¬ 
date  of  Technical  Sciences,  V.  A. 
Reznichenko,  Institute  of  Metallurgy 
imeni  A,  A.  Baykov,  Academy  of 
Pages  583-622  Sciences,  USSR 


In  spite  of  the  fact  that  metallic  titaniiM  was  obtained  for  the 
first  time  in  1925  /^3_7,  that  is,  more  than  100  years  ago,  there  exist 
incorrect  notions  of  metallic  titanitmi  as  a  brittle  metal‘ which  is  dif¬ 
ficult  to  work.  Titanium  attracted  almost  no  serious  attention  on  the 
part  of  research  workers  in  any  country  in  the  world.  Only  40  years 
ago  just  ^OOO  tons  of  ilmenite  concentrate  were  produced  by  the  entire 
world. 

In  the  last  few  years,  however,  a  collossal  development  has  been 
seen  in  the  metallurgy  of  titanium,  as  evidenced  by  an  increase  of  about 
250  times  in  the  extraction  of  ilmenite  concentrate,  and  titanium  it¬ 
self  has  been  transformed  from  a  laboratory  rarity  into  a  structural 
metal  which  is  being  produced  in  the  tens  of  thousands . of  tons  each 
year.  Titanium  dioxide  has  found  wide  use  in  the  pigment  industry  and 
other  branches,  and  at  present  is  being  produced  at  the  rate  of  over 
600,000  tons  a  year. 

New  applications  are  found  every  day  for  this  metal  which  possesses 
splendid  properities. 
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The  strength  of  titanium  and  its  alloys  is  tvri.oe  that  of  iron  and 
six  times  that  of  aluminum.  This  strength  is  retained  up  to  570  and 
even  up  to  65O  degrees.  Titanium  possesses  high  resistance  to  corro¬ 
sion  both  under  ordinary  atmospheric  conditions  and  in  sea  water.  Ti¬ 
tanium  surpasses  stainless  steel  and  nickel  base  alloys  in  respect  to 
anticorrosion  stability  stability  and  its  low  specific  gravity  permits 
a  reduction  in  machine  parts  down  to  40  per  cent  of  those  parts  made 
of  stainless  and  other  grades  of  steel.  Titanium  and  its  alloys  can 
find  wide  application  in  aviation,  shipbuilding,  in  the  chemical,  elec¬ 
tric  power,  medical,  and  other  branches  of  machine  building  and  instru¬ 
ment  building  industries.  Titanium  has  become  an  important  strategic 
material  which  is  finding  ever  wider  use  in  different  branches  of  en¬ 
gineering,  Titanium  has,  so  to  speak,  lived  through  itsrebirth.  There 
can  be  no  doubt  that  in  the  near  future  titanium  will  become  one  of  the 
nnost  widely  used  metals  in  engineering,  along  with  iron,  aluminum,  and 
magnesium.  This  is  all  the  more  case  because  it  is  widely  found  in 
nature  (0,63  per  cent  of  the  weight  of  the  earth's  crust),  occupjring 
tenth  place  after  oxygen,  silicon, aaluminum,  iron,  calcium,  sodium, 
potassium,  magnesium,  and  hydrogen. 

The  development  of  modern  technology  —  mastery  of  obtaining 
pure  inert  gases  in  adequate  quantities,  development  of  vacuum  techni¬ 
ques,  particularly  smelting  metals  in  vacuum  and  other  achievements  of 
science  and  engineering  have  created  the  essential  conditions  for  the 
industrial  winning  of  titanium. 

At  present  the  metallurgy  of  titanium  is  a  new  branch  of  produc¬ 
tion  which  includes  a  nximber  of  technological  problems  such  as:  the 
production  and  processing  of  titanium  slags  and  chncentrates  'to  titan- 
iirni  tetrachloride  and  titanium  dioxide;  the  metallothermal  reduction  of 
titanium  compounds;  the  processing  (vacuum  separation)  of  reaction 
masses;  and  the  smelting  of  metallic  titanium.  However,  the  metallurgy 
of  titanium  has  not  been  sufficiently  studies  as  yet  nor  has  it  been 
mastered  in  an  industrial  sense,  which  is  a  consequence  of  the  little 
interest  in  titaniim  in  the  past. 

In  Russia  serious  scientific  research  in  the  field  of  the  geology, 
chemistry,  and  metallurgy  of  titanium  were  begun  only  in  1915,  This 
research  was  established  on  the  initiative  of  A,  Ye.  Fersman  of  the  Raw 
Materials  Commission;  and  such  well  known  scientists  as  Academician 
D.  S.  Belyankin,  M.  S.  Maksimenko,  and  others  participated  in  the  wcrk, 
"One  of  the  first  basic  problems  advanced  by  the  chairman  of  the  Com¬ 
mission,  A,  Ye.  Fersman,  from  the  very  beginning  of  its  existence,  was 
the  problem  of  titanium,  both  in  view  of  the  real  necessity  of  obtaining 
titanivun  tetrachloride  for  a  whole  series  of  applications  in  military 
technology  and  in  view  of  its  importance  in  the  metallurgical  and  other 
branches  of  industry" 

The  Commission  did  important  work  on  discovering  reserves  and 
developing  industrial  methods  for  obtaining  the  tetrachloride,  the  dio¬ 
xide,  the  carbide,  and  other  titanium  compounds. 
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In  1917  an  industrial  method  was  developed  for  obtaining  TiCl^ 
from  ilmenite  (with  a  transition  through  titanium  carbide). 

The  Commission  also  did  iniportanb  work  on  finding  uses  for  ti¬ 
tanium  in  technology^  for  which  purpose  questionnaires  were  sent  out 
to  plants  and  organizations  concerning  the  use  of  titanium  ores  in 

Russia*  ,  .  , 

According  to  data  from  the  questionnaires,  the  engineer  Khrush- 

chev  was  working  in  a  machine  building  plant  in  Orel'  at  that  time  on 
obtaining  titanium  alloys  by  a  thermite  method, 

I.  RESEARCH  IN  THE  FIELD  OF  PRODUCTION  OF  TITANIUM  SLAGS 

Rutile  concentrates  and  slags  rich  in  titanium  which  are  obtained 
from  smelting  ilmenite  and  ititanomagnetite  concentrates  are  used  in  the 
production  of  metallic  titanium. 

As  early  as  1917  the  Titanium  Commission  pointed  out  the  prospects 
of  titanium  slags  as  a  raw  material  for  winning  titanium.  The  commission 
considered  that  smelting  ilmenite  with  an  addition  of  calcium^  oxide  to 
the  charge  as  a  flux^  followed  with  chlorination  of  the  titanium  slag 
freed  from  iron  and  its  oxides  would  be  one  of  the  most  profitable  met¬ 
hods  for  obtaining  titanium  tetrachloride  £ ij , 

A  comparison  of  modern  prices  of  different  types  of  raw  material 
(Table  1)  shorn  that  ilmenite  and  slags  from  the  smelting  of  ilmenite 
concentrates  are  the  cheapest  raw  material.  However,  the  metall\irgy  of 
titanium  should  be  directed  tovard  the  use  of  titanium  slags  as  the  raw 
material,  since  the  problem  of  use  of  titanium  raw  material  with  recov¬ 
ery  of  titanium  and  iron  can  be  solved  in  a  complex  way  in  this  case 

^>_7 • 

TABLE  1 


Type  of  Raw  Material  Price  per  Kilogram  Price  per  Kilogram 

of  Raw  Material  in  of  Titanium  in  the 


Dollars 

Raw  Material 

Ilmenite  concentrate  (TiO^  content 

55  per  cent) 

0.02 

0.06 

Rutile  concentrate  (TiOo  content  92 

per  cent) 

0.13 

0.23 

Titaniun  slag  (TiO^  content  over  70 

per  cent) 

0.040 

0.095 

Titanium  dioxide  pigment 

0.53 

0.88 

Titanium  tetracholoride 

0.88 

3.46 
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At  present,  rutile  concentrates  Q  and,  to  some  extent,  ti¬ 
tanium  slags  from  smelting  ilmenite  ores  and  concentrates  containing 
im  to  80  per  cent  Ti02  and  titanomagnetites  (up  to  50  per  cent  Ti02) 

J]),  67  are  the  basic  raw  materials  for  producing  titanivun  tetrachlor¬ 
ide  . 

The  prospects  are  that  rutile  concentrates  can  only  partially 
satisfy  the  needs  of  titanivun  metallvirgy  inasmuch  as  their  extraction 
does  not  exceed  42,000  tons  a  year  and  further  expansion  is  limited. 

The  annual  output  of  ilmenite  concentrate  amounts  to  more  than  1,100,000 
tons,  and  the  pro ssibili ties  for  expanding  that  production  are  actually 
not  limited  £lj.  Consequently,  the  titanium  industry  of  the  future 
should  be  linked  only  with  a  mass  sort  of  raw  material  like  ilmenite 
concentrate. 

As  regards  titanomagnetite  concentrates,  the  problem  of  their 
use  in  producing  titanium  tetrachloride  has  not  been  studies  sufficient¬ 
ly  as  yet.  However,  the  low  cost  of  titanium  slags  Obtained  from 
smelting  titanomagnetites  (they  cost  only  a  fraction  as  much  as  the 
slags  obtained  from  smelting  ilmenite  concentrates)  and  the  significant 
concentration  of  titanomagnetites  in  primary  deposits  with  collossal 
reserves  f&J ,  will  permit  the  construction  of  large  metallurgical 
combines  based  on  them  with  complex  utilization  of  the  iron,  titanium, 
vanadium,  niobium,  and  other  elements  contained  in  these  ores. 

At  present,  ilmenite  concentrates  should  be  considered  the  prin¬ 
cipal  raw  material  for  the  production  of  titanium  in  the  Soviet  Union, 
More  complete  separation  of  titanium  and  iron  is  the  most  impor¬ 
tant  problem  in  the  use  of  this  type  of  material. 

Their  reduction  smelting  is  considerably  more  effective  than  dir¬ 
ect  chlorination  of  ilmenite  concentrate  /~6_7  or  sulfuric  acid  decompo¬ 
sition  /~9_7i  solves  this  problem  more  singly,  resulting  in  winning 
commercial  cast  iron  and  titanivun  slag. 

the  problem  of  obtaining  high-titanium  slags  which  meet  the  re¬ 
quirements  for  their  chlorination  has  been  essentially  solved  in  the 
USSR.  This  technology  is  different  from  the  process  developed  in  the 
plant  at  SOREL  Translator’s  note;  Apparently  the  town,  of  Sorel, 
Canada,  located  near  Montreal7  T~^_7  and  the  process  developed  in  Japan 
which  is  based,  according  to  the  literature,  on  obtaining  slags  with  a 
titanium  sesqviioxide  content  of  more  than  50  per  cent  /"5_7* 

The  process  for  obtaining  titanium  slags  developed  in  the  USSR 
permits  obtaining  slags  with  a  minimal  iron  content  (in  terms  of  the 
lower  oxide,  up  to  4  per  cent),  with  a  low(  smelting  temperature  and 
a  small  expenditure  of  electric  power  (markedly  lower  than  3000  kilo¬ 
watt-hours  per  ton  of  slag) . 

The  first  melts  of  titanium  ores  in  Russia  were  made  by  V,  N, 
Lipin  in  1897  with  a  charcoal -fired  blast  furnace  of  the  Vidlitskiy 
Plant  (in  the  former  Olonetskaya  Guberniya)  lo7.  Systematic  studies 
on  the  smelting  of  titanomagnetites  were  started  in  1929,  Seven  plant 
runs  from  blast  fvirnaces  and  numerous  laboratory  studies  were  made  in 
a  decade  Jll,  12,  13,  14,  15,  16,  VfJ:. 
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The  research  in  the  field  of  smelting  titanomagnesites  ^Jtransla- 
tor's  note:  Presmably  a  misprint  in  the  original  text,  apparently 
should  be  titanomagnetite^  was  headed  by  Academician  E.  V.  Britske. 

His  pupils,  K,  Kh,  Tagirov,  and  I,  V,  Shmanenkov  were  the  first  to 
develop  the  technology  of  continuous  blast  furnace  smelting  of  lump ^ 
titanomagnetities  with  alkali  added  to  the  charge,  thi^  obtaining  ti¬ 
tanium  slags  with  increased  titanium  dioxide  content  /14,  15,  W* 

Academician  A,  M.  Pavlov  made  an  important  contribution  to  the 
study  of  blast  furnace  smelting  of  titanomagnetites.  ^ 

Studies  of  the  processes  of  reduction  of  titanomegnetites  carried 
out  under  the  leadership  of  K.  Kh.  Tagirov  and  V,  B.  tiikhaylov  showed 
that  ilmenite  is  the  part  of  the  ore  which  is  difficult  to  reduce.  It 
is  reduced  directly  only  in  the  lower  layers  or  even  in  the  hearth  of 
the  blast  furnace.  The  main  difficulties  in  the  smelting  of  high-titan¬ 
ium  charges  are  caused  by  the  fusibility  of  the  ilmenite  (13^0  de^ees) 
and  the  early  development  of  the  processes  ofpprimary  slag  formation. 
Primary  titanium  slags  are  unstable  (they  crystallize  in  a  very  small 
range  of  ten5)eratures)  and  the  fluctuations  of  temperature  which  can 
exist  in  a  blast  furnac  e  on  the  slag-forming  layer  are  certainly  suf¬ 
ficient  to  cause  these  slags  to  pass  from  the  molten  state  to  the  solid, 
thus  causing  the  formation  of  crusts  and  creating  difficulties  for  even 
descent  of  the  charge, 

It  should  be  noted  that  titaniimi  slags  imder  reduction  conditions 
are  not  in  equilibrium  and  if  crystallized  at  a  lowotemperature  can  be 
remelted  at  a  higher  temperature  or,  if  the  reducing  processes  have  pro¬ 
ceeded  further  with  the  formation  of  Ti(0)C,  they  cannot  be 

melted  at  all  under  blast  furnace  conditions. 

In  order  to  ensure  a  continuous  smelting  process,  it  is  essen¬ 
tial  to  introduce  a  considerable  amount  of  flttx  into  the  charge  to 
stabilize  the  primary  blast  furnace  slags.  This  lowers  the  titanium 
dioxide  content  to  such  a  low  level  (20  —  25  per  cent)  that  processing 
these  slags  for  titanium  dioxide  becomes  uprofitable. 

Thus,  smelting  titanium  ores  in  a  blast  furnace  did  not  yield 
favorable  results.  Obtaining  slags  with  a  high  titanium  dioxide  con¬ 
tent  became  possible  in  low  shaft  electric  arc  furnaces  where  the  pro¬ 
cesses  of  primary  slag  formation  would  have  such  a  decisive  influence 
as  contrasted  with  smelting  in  blast  furnaces. 

In  1949-1950  the  Academy  of  Sciences  and  the  MChM_^bbreviation 
not  known,  apparently  the  tiinistry  of  Ferrous  Metallurgy  USSR  smel¬ 
ted  titanomagnetites  in  the  Kuznetsk  Metallurgical  Combine,  thus  ob¬ 
taining  high-titanium  slags  and  vanadium  cast  iron.  Agglomerates  were 
smelted  with  a  continuous  process  with  closed  top  /of  the  furnac^ . 

At  the  same  time,  the  expenditure  of  electric  power  amounted  to  2200- 
2400  kilowatt-hours  per  ton  of  cast  iron.  As  a  resvilt  of  these  pro¬ 
jects,  the  technology  of  processing  titanomagnetites  by  electric  smel¬ 
ting  was  developed.  The  composition  of  the  slag  obtained  corresponded 
to  the  slags  obtained  from  smelting  titanomagnetite  sands  in  Japan 
which  were  used  for  obtaining  titanium  tetrachloride. 
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The  smelting  done  in  the  Kuznetsk  Metallurgical  Combine  showed 
that  the  productivity  of  the  furnace  was  determined  by  the  speed  at 
vrtiich  the  iron  oxides  were  reduced}  therefore  ihtensification  of  these 
processes  can  markedly  increase  the  technical  indices  of  smelting.  The 
results  of  the  smelting  at  the  KMK  _/Kuznetskiy  metallurgicheskiy  kom- 
binat  -  Kuznetsk  Metallurgical  Combine7  should  be  regarded  as  minimal. 

Research  conducted  by  the  meta^urgical  institutes  IMET  AN  SSSR 
Abbreviation  not  known,  apparently  Institute  of  Metallurgy  of  the  Acad¬ 
emy  of  Sciences,  USSR7  and  the  reducing  iron  oxides  could  be  achieved 
by  special  preparation  of  the  materials  in  the  charge  (joint  briquet¬ 
ting  of  the  mixture  of  the  oxides  to  be  reduced  and  the  carbon  reducing 
agent)  and  separation  of  the  processes  of  reduction  and  slag  formation 
in  different  facilities.  Good  results  were  obtained  by  smelting  the 
ilmenite  concentrates  in  the  prepared  form,  done  jointly  by  the  VAMI, 
IMET  AN  SSSR  and  the  Zaporozh'ye  Ferroalloys  Plant.  At  the  same  time, 
slags  with  a  titanium  doixide  content  of  over  80  per  cent  were  obtained, 
with  a  fusion  temperature  of  not  more  than  1600  degrees,  and  the  elec¬ 
tric  power  consximed  amounted  to  3000  kilowatt-hours  per  ton  of  slag, 
Vftien  the  process  is  separated  to  be  handled  in  two  aggregates  one  can 
expect  still  more  economical  results. 

l/Jhen  the  VAMI,  the  IMET  AN  SSSR,  and  the  Zaporozh'ye  Ferroalloys 
Plant  carried  out  this  smelting,  they  took  into  account  the  experience 
of  the  TsNIIChM  known,  apparently  the  All  Union  Cen¬ 

tral  Scientific  Research  Institute  of  Ferrous  Metallurgj7,  the  GEREDMET 
TOosudarstvenny  nsuchno-isschno-issledovatel'skiy  institut  redkiy  met- 
allov  -  State  Rare  Metals  Scientifiic  Research  Institute7>  snd  other 
scientific  research  establishments. 

At  present,  one  of  the  titanomagnetite  plants  is  producing  slags 
by  this  technology  with  higher  technical-economic  indices. 

Thus,  the  technology  has  been  v/orked  out  for  smelting  titanium 
ores  to  slag  with  a  high  titanium  content  and  the  problems  for  research 
in  the  near  future  ares  perfecting  the  existing  technology  by  shorten¬ 
ing  the  duration  of  melting,  intensifying  the  reduction  of  iron  oxides, 
decreasing  the  fusion  temperature  and  (electric),  conductivity  of  the 
slag,  reducing  heat  losses,  and  securing  a  moreocoraplete  utilization 
of  the  reducing  capacity  of  the  gases. 

The  projects  being  conducted  by  the  IMET  AN  SSSR  and  the  VAMI  on 
two-stage  smelting  of  ilmerJ-te  concentrate  (zone  reduction  of  iron  oxi¬ 
des  or  in  rotating  body  furnaces  and  melting  the  charge  in  an  arc  fur¬ 
nace,  thus  obtaining  rich  slags  and  metal  with  a  low  carbon  content) 
and  the  work  of  the  UFAN  filial  akademii  nauk  -  Urals  Branch 

of  the  Academy  of  Sciences,  USSR7  on  the  use  of  agglomerate  mixed  with 
flux  obtained  by  sintering  the  charge  mixtvire  of  ilmenite  concentrate 
and  limestone  in  electric  smelting  constitute  the  most  promising  trends 
in  improving  the  technology  of  smelting  titanium  slag. 

The  results  of  research  conducted  by  V,  V.  Mkhaylov  and  his  co- 
workers  (UFAN)  provide  evidence  that  agglomeration  Ai^f®^i’^£7  results 
in  complete  destruction  of  the  ilmenite  on  account  of  its  oxidation. 
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with  formation  of  hematite,  perovskite,  ANOSOVIT  ./Transliterated,  pos¬ 
sibly  anosovit^,  and  other  minsrals.  The  reducibility  of  the  ^SS  ® 
merates  obtained  by  the  UFAN  is  higher  than  the  reductibility  of  the 

ilmenite  concentrate.  , ,  \  ^ 

The  question  of  the  possibility  of  using  blast  furnaces  for 
smelting  titanium  ores,  taking  into  consideration  the  achievements  of 
recent'  years  (the  use  of  low- shaft  blast  furnaces  which  operate  on  air 
blasts  enriched  with  oxygen  and  with  natural  or  coke  oven  gas  forced 

into  the. furnace)  merits  further  study.  u-  u  x  , 

In  order  to  understand  the  nature  of  the  processes  which  take 
place  in  the  smelting  of  titanium  ores,  it  is  necessary  to  start  wi'th 
the  most  important  peculiarities  of  the  oxides  and  of  certain  compounds 
of  titanium  in  forming  solid  solutions  on  the  basis  of  lattices: 

TioOc,  Ti20q,  TiO,  TiOa.aHgO,  Ti02»H20,  and  others. 

^  The  basic  physicochemical  properties  of  these  minerals  —  mel¬ 
ting  point,  toughness,  electrical  conductivity,  the  constants  of  equil¬ 
ibrium  involving  titanium  compounds  depend  first  of  all  on  the  com¬ 
position  of  the  solid  solutions.  .  .  4.  • 

The  process  of  forming  solid  solutions  begins  with  the  sintering 
stage  or  the  ;anelting  of  ilmenite  or  titanomagnetite  concentrates.^ 

Thus,  the  sintering  of  fine  crystalline  titanomagnetites  wWch 
have  the  structure  of  fine  intrusions  of  ilmenite  into  the  magnetitte 
causes  their  complete  recrystallization  with  disappearance  of  the  na¬ 
tural  silicate  minerals  and  the  formation  of  new  phases:  the  solid 
solution  of  menatite  in  ilmenite,  ANOSOVIT,  fayalite,  metallic  iron, 
pseudobrookite ,  glasses,  and  others  2f"lS_7«  The  process  of  forming 
a  solid  solution  of  hematite  and  ilmenite  Fe0.Ti02  takes  place 

under  weakly  reducing  or  vinder  neutral  conditions  with  inter¬ 

action  of  the  silicate  being  melted  with  solid  magnetite.^ 

Iron  metatitanate  forms  a  continuous  series  of  solid  solutions 
with  magnesium  metatitanate  (geiki elite)  and  manganese  (pyrophanite) . 
Hematite  is  soluble  in  it  to  a  limited  extent.  Thus,  itoenite  has  a 
complex  composition.  The  natural  color  of  the  mineral  is  black,  this 
is  caiused  by  a  trace  of  tri valent  titanium  in  it. 

Studies  carried  out  in  the  Institute  of  Metallurgy  of  the  Acad¬ 
emy  of  Sciences,  USSR  have  established  thatmetatitanates  can  form  sol¬ 
id  solutions  intitanium  sesquioxide  /l27-  Thus,  titanium  sesquioxide 
is  included  in  the  ilmenite  mineralogical  group.  The  general  formula 
of  minerals  of  the  ilmenite  group  can  be  given  in  the  following  form: 
m  (Fe,  Mg,  Ifo)  .  0  .  TiO^  n  (fe,  Ti)  2^3 

Reduction  of  the  iron  oxides  from  a  mineral  of  such  complex  com¬ 
position  depends  upon  the  oxides  of  magnesium,  manganese,  and  tri valent 
titanium  contained  in  it.  The  reducibility  of  ilmenite  is  affected  by 
its  natural  origin;  thus,  leucoxene  ilmenite  has  a  strongly-developed 
macroporous  nature,  a  large  reaction  surface,  and  possesses  the  best 
reducibility. 
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The  reduction  of  iron  metatitanate  (Fe0Ti02)  is  a  complicated 
process  since,  depending  upon  temperatvire  conditions,  reduction  of 
iron  metatitanate  by  solid  carbon  can  give  rise  to  the  lower  oxides: 
Ti^Or,  TiO  and  solidsolutions  on  the  base  of  the  lattices  of 

these  oxides. 

A  thermodynamic  analysis  of  the  reactions  of  the  reduction  of 
Fe0.ti02  by  solid  carbon  (Table  2)  permits  one  to  conclude  that  the 
reduction  of  Fe0,Ti02  to  Fe  and  Ti02  or  TiO  is  least  probable.  At  the 
temperatures  which  prevail  in  the  technological  process,  reactions 
which  result  in  the  formation  of  Fe,  (up  to  1240  degrees)  or 

^2^3  higher  temperatures)  are  most  probable.  The  appearance  of 
the  lower  oxides  of  iron  in  Ti30c  and  of  iron  metatitanate  in  titanium 
sesquioxide  (Ti202),  which  makes  che  process  of  reducing  the  iron 
oxides  more  difficult. 


TABLE  2 


Reaction  Temperature  (in  degrees  Kelvin) 

1000  1100  1200  1400  1600  1800  2000 

FeO  Ti02  4-  C  -  Fe  -I-  Ti02  +  +  C0(l) 
fi>F  =  37910  -  33.88  T 

calories  4030  640  ©2750  -9520-16300-23070-2985 

3/4  Fe0,Ti02  f  C  =  3/4  Fe  4-  f  I/4 
Ti305  4-  00(2) 

&F  «  40.06  -  36.39  T 

calories  3720  80  -3560-10840-18120-25400-32670 

2/3  Fe0.Ti203  f  CO  *  2/3  Fe  f  4-  I/3 
Ti203  I  C0(3) 

dF  -  42434  -  36.87  T 

calories  5560  1880  -1810  -9180-16560-23930-3131 

1/2  FeO  .  TiO  4-  C  =  1/2  Fe  4  f  1/2 
TiO  f  00(4) 

6F  =  53684  -  37.62  T 

calories  16660  12300  8540  1020  -6510-14030-21560 
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Research  conducted  by  A,  V,  Rudneva^ 'with  the  participation  of 
the  authors  of  this  paper,  showed  that  when  ilmcnite 'concentrate  was 
smelted  in  the  form  of  ore~carbon  bruqiettes,  titanium  sescjuioxide  ap¬ 
peared  with  over  80  per  cent  titanium  dioxide  content  in  the  slag.  When 
agglomerates  made  of  Kusa  ilemenite  concentrates  were  smelted,  the  for¬ 
mation  of  solid  solutions  in  titanium  sesquioxide  was  observed  with  a 
content  of  thelower  iron  oxide .  This  is  explained  by  the  earlier  app¬ 
earance  of  the  liquid  phase,  since  the  agglomerates  have  a  melting 
point  which  is  100  -  150  degrees  lower  than  that  of  FeO.TiO^  (I3o0  de¬ 
grees).  Thus,  the  formation  of  the  liquid  phase  makes  possible  a  large 
diffusion  of  ferrous  oxide  in  titanium  sesquioxide. 

The  formation  of  solid  solutions  and  the  appearance  of  the  li¬ 
quid  phase  create  conditions  for  the  existence  of  ferrous  oxide,  and 
the. dioxide  and  lower  oxides  of  titanium,  which  lowers  the  activity  of 
the  ferrous  oxide  and  makes  the  process  of  its  reduction  more  diffi¬ 
cult,  The  formation  of  the  liquid  phase,  due  to  the  development  of 
processes  of  initial  slag  formation,  introduces  an  additional  com¬ 
plicating  factor  --  a  molten  product  is  formed  which  contains  new  con- 
stituents  that  again 'lovrer  the  activity  of  ferrous  oxide, 

Mlneralogical  studies  of  smaples  of  the  molten  product  taken 
from  the  furnace  of  different  times  up  to  the  tapping  of  cast  iron  and 
slag  which  were  conducted  by  the  Institute  of  Ketallur^  showed  that 
during  melting  the  processes  of  reducing  titanium  dioxide  with  the  for¬ 
mation  of  Ti30c  and  Proceed  more  rapidly  than  the  reduction  of 

ferrous  oxide  to  the  met^Iic  phase . 

This  causes  the  appearance  of  iron  orthotitanate  (2Fo0.Ti02)  in 
the  samples  of  the  slag,  along  with  the  typic^  titanium  minerals,  but 
this  disappears  as  an  independent  phase  toward  the  end  of  melting, 

liflien  smelting  agglomerates  made  of  titanomagnetite  concentrates 
with  a  continuous  process  with  a  closed  top  /of  the  furnace7,  the  pro¬ 
cesses  of  reducing  the  iron  oxides  are  completed  basically  in  the  re¬ 
gion  where  the  charge  is  in  a  plastic  state.  In  the  region  near  the 
electrodes  molten  slag  enriched  with  iron  oxides  is  formed  since  the 
mol'ting  of  the  charge  proceeds  at  a  faster  rate  than  the  process  of  re¬ 
ducing  the  iron  oxides. 

The' conqxjsition  of  the  final  slag  is  a  result  of  concentration 
of  the  previously  formed  slag  on  the  hearth  of  the  fiarnace  where  the 
processes  of  reducing  the  iron  oxides  and  the  continuously  incoming 
ferrous’  slag  formed  near  the  electrodes  have  progressed  further. 

'Consequently,  the  ferrous  oxide  content  in  the  slag  is  determined 
by  the  ratio  of  the  development  of  the  processes  of  reducing  the  iron 
oxides  in  the  slag  and  the  melting  of  the  charge  in  the  vicinity  of  the 
electrodes.  This  relationship  can  be  Controlled  by  the  value  of  the 
Voltage  and  the  periodicity  of  slag  tapping.  The  best  technological 
indices  ^erformanc_^  are  achieved  by  working  with  conparatively  low 
voltages  with  little  fluctuation,  which  is  especially  important  when 
one  is  using  continuous  melting  with  a  closed  top.  Voltage  values  and 
periodicity  of  slag  tapping  are  tested  experimentally.  Good  prepara¬ 
tion  of  the  charge,  particiilarly  in  the  form  of  the  charge,  particularly 
in  the  form  of  ore-carbon  briquettes,  permits  raising  the  voltage  during 
smelting. 
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Thus,  the  develofiment  of  the  processes  of  reducing  the  iron  ox¬ 
ides  in  the  molten  slag  determine  the  productivity  of  the  furnace.  To 
intensify  the  smelting  it  vdll  be  necessary  to  develop  to  a  inaximuin  the 
processes  of  reducing  the  iron  oxides  prior  to  the  transition  of  the 
charge  to  the  molten  state,  vAiich  can  be.  achieved  by  improving  the  con¬ 
tact  of  the  reducing  agent  with  the  iron  oxides  (joint  bruqietting), 
some  deepening  of  the  charge  for  more  complete  use  of  the  reducing  ca¬ 
pacity  and  the  heat  content  of  the  outgoing  gases.  Let  us  see  which  of 
these  methods  is  most  effective. 

a.  The  Reduction  of  Ilmenite  with  a  Gaseous  Reducing  Agentriand  Solid 
Carbon 

Research  on  the  reducibility  of  ilmenite  by  the  gaseous  reducing 
agent  (carried  out  in  the  Institute  of  Metallurgy  by  F,  B,  Khalimov  and 
the  authors)  carbon  monoxide  and  hydrogen,  conducted  at  different  temp¬ 
eratures,  showed  that  a  constant  increase  is  observed  up  to  1100  degrees 
in  the  reducibility  of  ilmenite  and  the  constant  of  reducibility  obeys 
Arrhenius'  kinetic  law.  A  deviation  from  this  law  is  observed  at  tem¬ 
perature  above  1100  de^ees  due  to  the  development  of  slag  foii^aation. 

Research  ^16,  20/  has  established  that  when  ilnenite  is  heated, 
even  in  a  stream  of  nitrogen,  at  800  degrees  one  observes  the  decompo¬ 
sition  of  the  solid  solution  with  the  formation  of  two  of  its  modifica¬ 
tions  which  differ  from  each  other  in  external  and  other  respects. 

X-ray  studies  have  established  that  the  dark  product  of  decom¬ 
position  is  a  very  fine  mixture  of  ileraenite  and  magnetite  .  In 

this  case  the  reduction  of  iron  begins  in  sections  of  the  formation  of 
magnetite. 

The  process  of  reducing  agglomerates  obtained  from  titanomagne- 
tite  concentrates  has  a  more  complex  character  (Figure  l). 

The  straight  lines  ^inearit^  of  the  reducibility  of  the  ag¬ 
glomerates  (Figure  l)  show  a  change  at  temperatures  about  800  degrees 
and  at  the  extent  of  reduction  of  the  iron  at  2?  -  35  per  cent;  in  this 
case  the  hi^er  the  ilmenite  content  of  the  agglomerate  (solid  solution 
of  hematite  in  ilmenite),  the  more  pronounced  this  change  is.  Vihen  the 
tenperature  is  increased,  the  change  is  shifted  toward  lowering  the  ex¬ 
tent  of  reduction. 

The  physical  properties  of  the  agglomerates  (porosity  and  size  , 
of  the  reduced  grain)  have  a  noticeable  effect  on  the  shifting  of  the 
change  in  the  straight  line  of  reducibility.  Increasing  the  density 
has  the  same  effect  as  increasing  the  temperature  —  it  shifts  the 
change  toward  lower  percentages  of  reducibility. 

Study  of  polished  sections  under  the  microscope  made  is  possible 
to  establish  that  up  to  800  degrees  only  the  magnetite  is  reduced  and 
that  the  solid  solution  of  iaematite  and  ilmenite  is  not  reduced. 
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At  higher  temperatures,  only  the  magnetite  is  reduced  prior  to 
the  change  while  the  magnetite  and  the  solid  solution  of  hematite  and 
ilmonite  are  jointly  reduced  following  the  change.  It  is  known  that 
carbon  dioxide  molecules  are  large,  thus  vAien  they  are  absorbed,  they 
form  droplets  in  the  pores  of  the  ag^omorate.  As  tho  for  the  grain 
size,  this  is  increased,  they  way  is  improved  for  diffusion  of  the  re¬ 
ducing  agent  and  the  gaseious  product  of  reduction.  Since  the  back 
diffusion  of  the  carbon  diojdde  proceeds  at  a  someidiat  slower  rate  than 
the  forward  diffusion  of  the  carbon  monoxide,  this  facilitates  an  in¬ 
crease  in  the  partial  pressure  of  the  carbon  dioxide  in  the  reaction 
zone.  As  this  reaction  moves  into  a  grain  of  the  material,  the  partial 
pressure  of  the  carbon  dioxide  decreases  on  its  peripheral  parts.  As 
a  result  of  this,  the  solid  solution  of  hematite  in  the  ilmenite  begins 
to  be  reduced,  vdiich  brings  about  an  increase  in  the  angular  coeffici¬ 
ent  of  tho  straight  line  of  reducibility  (thecconstant  of  reducihiity) 
after  the  change. 

When  titancanagnetites  are  reduced  by  a  solid  carbon,  the  carbon 
dioxide  formed  in  the  zone  of  reaction  is  regenerated  into  carbon 
monoxide,  which  creates  more  favorable  conditions  for  the  intensive 
reduction  of  iron  oxides, 

A  study  of  the  reducibility  of  ilmenite  and  titanomagnetites  by 
solid  carbon  permits  one  to  conclude  that  the  process  of  reducing  iron 
oxides  proceeds  intensively  at  temperatures  over  1200  degrees.  In  an 
intimate  mixture  of  carbon  and  concentrate  (in  bruqiettes),  the  iron 
oxides  are  reduced  by  60  per  cent  in  limenite  and  by  80  per  cent  in 
titancanagnetite  in  5  minutes. 

The  processes  of  primary  slag  formation  do  not  have  an  inhibi¬ 
ting  effect  on  the  reduction  of  iron  oxides  for  temperatures  over  1300 
degrees,  that  is,  very  close  to  the  melting  point  for  iron  metatitan- 
ate  (1380  degrees),  (Figure  2), 

b.  The  extent  of  Reduction  by  a  Gaseous  Reducing  Agent  (Indirect  Re¬ 
duction)  in  the  Smelting  of  Titanium  Ores, 

The  proper  charging  of  carbon  during  smelting  Of  titanium  ores 
is  an  important  condition  for  their  successful  smelting.  This  is  pos¬ 
sible  on  condition  that  the  extent  of  the  development  of  the  reduction 
of  iron  oxides  by  waste  gases  is  properly  evaluated. 

Research  conducted  by  the  authors  with  the  participation  of  the 
engineer  V,  I,  Solov’yev  established  that  when  ag^omerates  are  being 
anelted  from  titanomagnetite  concentrates,  about  15  per  cent  of  the  to¬ 
tal  oxygen  is  removed  by  indirect  reduction  and  about  21  per  cent  in 
the  smelting  of  briquetted  ilmenite  concentrates,  Vtfhen  the  capacity  of 
the  furnace  is  increased,  the  extent  of  development  of  indirect  reduc¬ 
tion  is  increased,  which  in  turn  requires  corrections  in  the  amount  of 
reducing  agent  in  tho  charge.  The  expenditure  of  electric  power  is  re¬ 
duced  by  5“  10  per  cent  due  to  the  develojsaent  of  processes  of  indirect 
reduction. 
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The  direct  reduction  of  iron  oxides  in  electric  smelting  of  ti¬ 
tanium  ores  has  seen  a  greater  development  (1,6  -  2,2  times)  then 
blast  furnace  smelting  of  ordinary  charges  that  do  not  contain  ilmenite. 

In  shaft  furnaces,  the  region  of  moderate  temperatures,  600  - 
1100  degrees,  is  not  developed  to  a  significant  extent.  As  the  height 
of  the  furnace  is  increased,  one  observes  a  sharp  transition  from 
moderate  temperatures  to  temperatures  of  1300  degrees  and  higher ,  at 
which  the  reduction  of  iron  oxides  proceeds  intensively.  Consequently, 
in  electric  smelting,  the  ratio  between  the  development  of  the  processes 
of  direct  and  indirect  reduction  shifts  in  favor  of  direct  reduction. 

It  is  seen  from  whiat  has  been  said  that  intensification  of  the  processes 
of  reducing  iron  oxides  can  te  achieved  by  intelligent  increase  in  the 
height  of  the  shaft  of  the  furnace  and  mainly  by  ensuring  intimate  con¬ 
tact  between  the  reducing  agent  cuid  the  concentrates  in  the  form  of 
ore-carbon  briquettes.  In  this  case  the  processes  of  primary  slag  for¬ 
mation  do  not  have  an  inhibiting  effect  on  the  processes  of  reduction, 

A  transition  to  slags  of  optimal  composition  with  moderate  mel¬ 
ting  temperatures  and  low  electrical  conductivity  consumption  constit¬ 
utes  the  second  condition  for  increasing  the  productivity  of  ah  aggre¬ 
gate  and  reducing  the  consumption  of  electric  power, 

c.  Studies  of  the  Properties  and  the  Pha  se  Composition  of  Titanium 
Slags . 

Both  in  the  blast  furnace  as  well  as  in  the  electric  furnace,  the 
final  composition  of  the  slag  differs  from  that  of  the  slags  formed  dur¬ 
ing  the  course  of  melting  in  the  upper  layers  of  the  blast  furnace  (the 
bosh)  and  in  the  vicinity  of  the  electrodes  in  electric  furnaces.  More¬ 
over,  the  processes  of  initial  (primary)  slag  formation  play  a  decisive 
role  in  ensuring  an  even  course  of  reducing  smelting.  In  the  smelting 
of  titanomagnetites  in  blast  furnaces,  they  determine  the  descent  of 
the  charge  and  the  resistance  to  the  flow  of  gases  in  the  lower  part  of 
the  furnace,  and  in  smelting  in  ore-reducing  electric  furnaces  —  the 
ferrous  oxide  content  of  the  slag  that  is  tapped. 

Knowledge  of  the  FeO  —  Ti02  diagram  acquires  great  importance 
in  understanding  the  character  of  primary  slag  formation  in  the  smeltipg 
of  titanium  charges. 

Research  don’e  by  the  Academy  of  Sciences,  USSR  on  this  system 
revealed  three  compounds  with  their  melting  points:  1375  degrees, 
2Fe0Ti02  (iron  orthotitanate) j  1385  degrees,  FeOTiOg  (KRICHTONIT  pos¬ 
sibly  crichtonit^;  and  more  than  1450  degrees,  Fe02Ti02  (ferrous  ANO- 
SOVIT  possibly  anosovite7>  (Figure  3). 

Under  oxidizing  conditions  ferrous  oxide  is  not  stable  and  is 
transformed  into  magnetite,  therefore  the  compovind  Fe02Ti02  is  not 
formed.  Under  reducing  conditions  the  appearance  of  the  lit^d  phase 
in  this  system  is  observed  at  a  temperature  ofHOO  degrees  ,  if  the 
Fe02Ti02  concentration  reaches  70  per  cent. 
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Ferrous  titanium  slags  have  a  low  melting  point.  The  character 
of  crystallization  of  the  slags  is  "short "j  solidified  titc^um  slag  is 
melted  at  a  hi^er  temperature  than  its  freezing  point  in  view  of  the 
fact  that  titanium  slags  are  not  in  equilibrium  and  their  composition 
changes  with  time.  Temperature  fluctuations  in  the  upper  part  of  the 
blast  furnace  are  undesirable  in  the  anelting  of  titanium  slags  as  they 
lead  to  thickening  of  the  primary  slags  or  to  their  crystallization, 
which  interferes  with  the  descent  of  the  charge  and  disrupts  the  work 
of  the  furnace.  The  stabilit  of  the  primary  slags  can  be  increased  by 
introducing  alkaline  additives  (soda  and  sodium  chlc^ide)  ^^5,  1^ 
which  catalizo  the  process  of  reducing  iron  oxides  2€J 

As  a  result  of  the  interaction  of  soda  or  other  alkaline  com-^ 
pounds  with  ilmenite,  free'  ferrous  oxide  is  formed  which  is  morc  easily 
reduced  than  iron  metatitanate  and  iron  titanate  (na20,3Ti02)  t 

The  addition  of  oxides  of  calcium,  magnesium,  or  barium  also 
exert  a  noticeable  effect  on  the  reduction  of  ilmenite,  due  to  its  de¬ 
struction  and  the  formation  of  metatitanates  of  calcium  (perovskite), 
magnesium,  and  barium.  However,  this  process  is  developed  at  tempera¬ 
tures  over  1300  degrees  ^2/ • 

Studies  made  by  the  authors  and  the  engineer  V.  I,  Sblov'yev 
established  that  addition  of  oxides  of  the  alkaline  -  earth  metals  de¬ 
creases  the  final  ferrous  oxide  content  of  the  slag,  but  when  the  addi¬ 
tives  are  increased,  particularly  calcium  oxide,  the  rate  of  reduction 
of  ferrous  oxide  in  the  molten  slag  is  decreased. 

The  final  titanium  slags,  as  compared  with  the  primary  slags, ^ 
al^'Jays  have  a  lower  content  of  iron  oxides  and  a  higher  content  of  ti¬ 
tanium  dioxide  and  a  high  melting  point.  Titanium  slags  are,  I  dare 
say,  the  most  fluid  slags. 

Titanium  is  found  in  titanium  slags  in  tetravelent,  tri valent, 
and  divalent  form.  The  tetravelent  titaniimi  ion,  like  the  silicon 
ion,  is  inclined  to  forming  the  complexes  of  Ti06“S,  which  form  the  . 
structure  of  ANOSOVIT  in  the  solid  state  , 

Tri valent  and  divalent  titanium  ions  obviously  do  not  form  com¬ 
plexes  in  the  molten  product  and  usually  exist  in  the  form  of  the  sim¬ 
plest  cations.  Consequently,  molten  titanium  slags  do  not  contain  com¬ 
plexes  of  the  Sijjp^  type  vdiich  are  characteristic  of  molten  silicates j 
therefore,  when  in^the  liquid  state  titanim  slags  have  little  visco¬ 
sity 

Titanium  slags  have  a  large  capacity  for  crystallization  (a  high 
rate  of  crystallization  in  a  very  narrow  range  of  temperatui^es) ,  and 
even  as  they  are  being  tapped  fromthe  furnace  they  contain  solid  par¬ 
ticles  of  such  high-temperature  minerals  as  ANOSOVIT,  titanium,  ses-  ' 
quioxide  and  other  minerals,  VIhen  being  tapped,  titaniiim' slags  remir^ 
one  of  ice  breaking  up  on  a  river,  ,  '  .  ’ 

The  high  crystallization  capacity  of  titanium  slags  is  determined 
by  the  simplicity  of  the  ion  complexes  in  the  liquid  state  vdiich  form, 
without  special  rearrangement,  solid  solutibhs  on  the  base  of  the  Ti^O^ 
and  the  l^gO^  lattices  in  the  solid  state. 
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d.  The  Effect  of  the  Lower  Oxides  of  Titanium  on  the  Fusability  of 
Titanium  Slags 

Titanium  slags  should  bo  separated  into  three  groups  in  accor- 
dnace  viith  the  influence  of  the  lower  oxides  of  titanim  on  their  fusa¬ 
bility,  namely:  slags  which  contain  up  to  $0,  75 >  and  above  80  per 
cent  of  titaniian  dioxide. 

Slags  of  the  first  t^e  are  formed  vAien  melting  titanomagnetites 
and  their  fusabi4ity,  like  that  of  blast  furnace  silicate  slags,  is 
determined  essentially  by  theCaO,  SiOo  ration  up  to  the  point  where 
the  Ti20o  :  Ti02  is  not  above  0.5  ^2/.  With  a  greater  value  for  this 
ratio,  the  fusability  of  the  slag  increases  sharply  on  account  of  the 
formation  of  the  lower  oxides  of  titanim  in  it  which  are  fused  at 
'.quite  hi^  tenporatures .  According  to  Kubashovskiy's  data  ^2*^3 

fuses  at  2130  degrees  and  TiO  at  2020  degrees. 

The  melting  point  of  AMOSOVIT  depends  on  the  isomorphic  admix¬ 
tures  dissolved  in  it  and  the  relationships  of  titanium  ions  of  dif¬ 
ferent  valences  contained  in  the  mineral. 

K,  Kh.  Tagirov  showed  in  his  works  that  the  melting  point  of 
ANOSOVIT  can  be  changed  noticeably  by  the  ratios  of  the  titanium  oxides 
in  it  (Table  3). 

TABLE  3 


^2^3  *  *K*02 

Melting  Point 
(Degrees  Centigrade) 

Remarks 

.  1820 

Titanium  dioxide. 

0,26 

1720 

ANOSOVIT,  separated  from  slag  and 
containing  about  30  per  cent  Ti02. 

0.30 

1700 

ANOSOVIT,  separated  from  slag  and 
containing  about  40  per  cent  Ti02. 

0.48 

1670 

Same  as.^above 

Infusability  and  thickening  of  titanium  slags  is  often  explained 
by  development  of  processes  offormation  of  titanium  carbide  ^4,  25,  2£/, 
However,  it  must  be  noted  that  thickening  of  titanuim  slags  occurs  be¬ 
fore  titaniima  carbide  appears  in  them.  Work  done  under  the  guidance  of 
K.  Kh.  Tagirov  showed  that  thickening  of  titanium  slags  is  not  explained 
by  the  formation  of  titanium  carbide,  vdiich  was  not  actually  discblrehed, 
but’ by  tho.‘p±*es§nce  fiif  lower  oxides  of  titanium,  and  first  of  all,,  by 
the  high  molting  point  of  AKOSOVIT 
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Engineer  I.  A.  Karyazin  studies  the  effect  of  lower  oxides  of 
titaniunr  in  the  presence  of  ferrous  oxide  on  the  fusability  of  slags 
in  the  Institute  of  Metallurgy  of  the  Academy  of  Sciences,  USSR  (Fig¬ 
ures  4  and  5). 

This  research  showed  that  a  titanium  sesquioxide  content  up  to 
10  per  cent  increased  the  fusability  of  slags  in  regions  with  low  fer¬ 
rous  oxide  content,  but  did  not  have  any  noticable  effect  on  the  fusa¬ 
bility  of  the  slags  where  there  was  a  10  -  30  per  cent  titanium  ses— 
quioxide  content.  Addition  of  magnesium  oxide  was  useful  up  to  the 
formation  of  titanaugite  in  lean  titanium  slags  and  magnesium  ANOSOVIT 
in  slags  rich  in  titanium  since  in  the  latter  case  the  magnesium  o^de, 
replacing  the  liO  in  the  ANOSOVIT,  combined  with  the  titanium  dioxide, 
Furhter  increase  in  the  amount  of  magnesium  oxide  introduced  into  the 
slag  caused  the  formation  of  BAYKOVIT  _/fransliterated,  possibly  baiko- 
vite7  (MgO  .  Ti2*^3^  magnesium  orthotitanate  (2MgO  .  Ti02)  which 
sharply  increase  the  melting  point  of  titanium  slags. 

Figure  5  shows  a  system  analogous  to  the  system  shown  in  ^gure 
4,  but  with  a  higher  constant  magnesium  oxide  content.  A  cpnparison  of 
these  diagrams  permits  one  to  conclude  that  addition  of  magiesium  oxide 
in  regions  containing  little  titanium  sesquioxide  decreased  the  fusa¬ 
bility  of  titanium  slags  while  its  addition  to  regions  vdth  high  Ti203 
content  increased  their  fusability. 

Titanium  slags  containing  over  80  per  cent  Ti02  were  formed  in 
the  smelting  of  rich  titanium  concentrates  with  adding  flux  to  the 
charge  and  with  up  to  2  per  cent  ferrous  oxide  left  in  the  slag. 

Studies  of  the  effect  of  the  lower  oxides  of  titanium  on  the 
properties  of  plant  slags  showed  that  a  20  -  25  per  cent  Ti203  content 
in  the  slag  did  not  cause  any  material  complications  in  the  smelting 
process  and  its  melting  point  was  not  changed  significantly. 

e.  The  Effect  o£  the  Oxides  of  Potassium  and  fegnesium  on  the  Fusabi¬ 
lity  of  Titanium  Slags, 

Under  reducing  conditions,  the  CaO  —  Ti02  —  '^2*^3 
a  wide  field  of  readily  fusable  titanium  slags  with  a  melting  point  of 
1450  -  1500  degrees  with  over  80  per  cent  titanium  dioxide  content, 
vrtiich  is  e:!qplained  by  the  fornation  of  an  eutectic  ANOSOVIT  and  perov- 
skite.  ANOSOVIT  with  an  isomorphic  admixtxire  of  alumina  was  discovered 
for  the  first  time  in  this  system. 

Study  of  this  diagram  permitted  a  somewhat  different  trea.tment 
of  the  effect  of  alumina  on  the  fusability  of  titanium  slags ,  SiguEd- 
son's  ^IGURDZ0N7  views,  >diich  are  widespread  in  the  literature  ^^l/, 
were  developed  when  studying  titanium  slag  systems  under  oxidizing 
conditions,  Sigurdson  discovered  a  wide  field  of  readily  fusable  ti- 
tanisum  slags  and  established  th^.t  alumina  increased  fusability  wd 
shortened  the  region  of  existence  of  liquid  slags,  particularly  in  the 
limits  of  5  -  20  per  cent  concentration  of  alumina.  These  conclusions 
are  valid  only  under  oxodizing  conditions,  vAien  the  compound  Al2Ti05  is 
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formed  in  the  system  with  a  melting  point  of  1850  degrees  /287.  Under 
reducing  conditions,  however,  the  addition  of  5-  20  per  cent  of  alum¬ 
ina  really  does  not  increase  the  fusability  of  titanium  slags  since 
the  introduction  of  alumina  into  the  lattice  of  ANOSOVIT  lowers  its 
melting  point. 

In  the  'ri02  —  system,  with  a  constant  10 

per  cent  magnesium  oxide^content,  it  was  established  that  the  magnesivim 
oxide  decreased  the  field  of  readily  fusable  slags. 

There  is  a  relationship  between  the  ratio  Mgo  :  CaO  and  11203  i 
Ti02  in  slags  —  increasing  the  amount  of  magnesium  oxide  (MgO  ;  cao) 
brings  about  a  reduction  of  titanium  dioxide  to  the  sesquioxide 
(11203  :  Ti02). 

f ,  Electrical  Conductivity  of  Titanium  Slags 

The  electrical  conductivity  of  titanium  slags  is  an  important 
technological  property  inasmuch  as  its  value  determines  the  immersion 
of  the  electrodes  in  the  molten  charge,  and,  consequently,  thd  condi¬ 
tions  of  its  natural  heating  through  convection,  which  creates  the 
conditions  for  smooth  working  of  the  furnace  » 

Studies  made  in  the  Institute  of  M(^llurgy  of  the  Academy  of 
Sciences,  USSR  established  that  the  electrical  conductivity  of  titan¬ 
ium  slags  in  which  the  titanium  oxides  are  crystallized  intho  form  of 
AKOSOVIT  have  a  mixed,  in  a  number  of  cases  an  electronic  character. 

In  titanium  slags  which  do  not  contain  ANOSOVIT  and  which  have 
the  very  same  ratio  of  the  remaining  components,  electrical  conductiviy 
increases  with  increases  in  temperature  and  apparently  has  an  ionic 
character. 

In  the  Ti02  —  Si02  —  AI2O3  —  CaO  —  MgO  system,  increasing  the 
titanium  dioxide  content  in  the  charge  from  0  up  to  60  per  cent  increases 
the  electrical  conductivity  from  0.1  to  about  mho  per  centimeter. 

Increasing  the  amount  of  the  lower  oxides  of  titanium  increases 
its  conductivity  and  decreases  the  dependence  of  temperatiire  on  electric 
conductivity. 

It  is  known  from  practice  in  smelting  titanium  ores  in  electric 
furnaces  that  addition  of  calcium  oxide  the  charge  leads  to  a  decrease 
in  the  molting  point  and  the  electrical  conductivity  of  the  slag,  >rtiich 
permits  better  heating  of  the  charge  and  creating  conditions  for  smooth 
working  of  the  electric  furnaces . 

In  this  connection,  it  is  interesting  to  compare  the  effect  of 
calcium  oxide  and  of  magnesiimi  oxide  on  the  electrical  conductivity  of 
the  slags,  ^^agnesium  oxide  contents  up  to  10  per  cent  have  almost  no 
effect  on  the  electrical  conductivity  of  slags,  but  sharply  increase 
their  conductivity  at  higher  amounts.  Thus,  calcium  oxide  is  the  most 
suitable  additive  since  it  lowers  the  melting  point  and  the  conductivity 
of  the  slag  charge. 
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g.  The  Principal  Titanium  Minerals  in  Titanium  Slags  and  Their  Tech¬ 
nological  Significance. 

When  studies  were  made  on  titanium  slags  in  the  Institute^  of 
Metallurgy  of  the  Academy  M  Sciences,  USSR,  new  groups  of  titanium 
minerals  were  discovered;  solid  solutions  on  the  base  of  the  lattice 
of  TioOc  —  AWOSOVIT  n /T^i,  Al,  Fe)  2O3  .  Ti027  /(Ti,  Fe,  Man,y 

Ni,  Co,^Mg)0  2Ti0^j  solid  solutions  based  on  the  lattice  of  titanium 
sesquioxide  (Fe,  Mg,  Mh)  O.TiOanjFe,  Ti)203  solid  solutions  based  on 
the  lattice  of  orthotitanate  —  2(Mg,  Fe)0.Ti025i  BAYKOVIT  —  MgO.Ti20o 
and  IMANIT  /"Transliterated,  possibly  imanit^  —  3CaO, 11203.33102  ana 
others. 

The  composition  of  ANOSOVIT,  as  indicated  in  the  formula,  in¬ 
cludes  ions  of  all  valences  of  titanium j  divalent  and  trivalent  titan¬ 
ium  ions  can  be  replaced,  respectively,  by  ions  of  iron,  magnesium, 
manganese,  aluminum,  and  others.  As  stated  in  the  literai^e,  ANOSOVIT 
has  been  obtained  with  an  isomorphic  admixture  of  cobalt  /307.  ANOSOVIT 
has  different  optical  properties,  depending  upon  its  composition. 

The  technological  importance  of  ANOSOVIT  consists  of  the  fact 
that  it  determines  the  melting  point  (f usability)  and  its  reactivity 
in  sulfuric  acid  and  chlorine.  Therefore,  it  is  possible  to  obtain 
slags  with  the  best  technological  properties,  both  for  the  conditions 
applicable  for  smelting  ilmenite  in  electric  furnaces  as  well  as  for 
recoverability  in  acids,  chlorine,  and  other  possible  processes,  by 
changing  the  composition  of  the  ANOSOVIT. 

Minerals  vAiich  axe  components  of  the  solid  solutions  based  on 
titanium  sesquioxide  take  second  place  after  ANOSOVIT  in  respect  to 
prevalence  in  titanivim  slags,  and  occurs  more  frequently  in  slags  with 
a  high  titanium  dioxide  content. 

SoMd  solutions  based  on  the  lattice  of  Ti203,  like  ANOSOVIT,  do 
not  have  a  definite  melting  point.  Titanium  sesq&oxide  can  exist  in 
slags  along  with  a  hi^  ferrous  oxide  content  and  obviously  forms  com¬ 
pounds  of  the  spinel  FeO. 11203  type  which  have  not  been  discovered  in 
titanium  slags  as  yet. 

The  technological  and  optical  properties  of  titanivan  sesquioxide, 
which  crystallize  in  slags  change  within  very  wide  bounds  suid  are  deter- 
minedbby  its  mineralogical  composition. 

Research  done  by  the  Institute  of  Metallurgy  of  the  Acaden^  of 
Sciences,  USSR  and  the  VAMI  has  established  that  the  lower  oxides  of 
titanium,  in  the  first  instance  the  solid  solutions  based  on  Ti202,  in¬ 
teract  actively  with  the  oxygen  in  the  air,  which  causes  the  phenomenon 
of  the  friability  of  titanium  slags. 

In  the  process  of  oxidation,  the  slag  forms  a  flaky  structure , 
the  color  of  the  slag  changes  from  black  to  a  light  brown,  and  the 
general  titanium  content  in  the  slag,  in  terms  of  Ti02  is  decreased; 
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Ti02* 

FeO 

Melt  A  Slag  at  output 

90.4 

1.28 

Upper  part  of  the  slag  ingot 

85.0 

1.09 

Friable  part  of  the  slag 

81.5 

0.96 

Melt  B  Slag  at  output 

82.63 

2.60 

Upper  part  of  the  slag  ingot 

78.8 

2,02 

Friable  part  of  the  slag 

76.53 

4*12 

*  Total  amount  of  titaniian  in  terms  of  titanium  dioxide. 


X-Ray  structural  and  mineralogical  research  has  established  that 
riitile  (TiOo)  is  formed  in  the  process  of  oxidizing  titanium  sesquio- 
ide. 

The  solid  solutions  based  on  the  lattice  of  orthotitanate^)  dis¬ 
covered  in  the  Institute  of  Metallurgy  of  the  Acadeny  of  Sciences,  USSR, 
are  formed  in  primary  slags;  in  the  process  of  reduction  they  are  made 
lean  by  iron,  being  transformed  into  magnesium  orthotitanate.  Crystal- 
latization  of  magnesium  orthotitanate  in  the  final  titanium  slags  in¬ 
dicates  the  destruction  of  the  magnesite  lining  unless  magnesium  is 
introduced  into  the  charge  as  a  flux  in  the  anelting  process. 

Magnesium  orthotitanate  impairs  the  reactivity  of  slags  in  acids. 
When  the  magnesium  orthotitanate  contained  in  titanium  slags  is  chlori¬ 
nated,  magnesium  chloride  is  formed,  40  -  50  per  cent  of  vdiich  is  car- 
riedaway  with  FeGlo  and  AICI3 .  These  chlorides  complicate  the  work  of 
condensation  systems  ~  the  worst  bottleneck  of  the  entire  technological 
process  of  chlorination.  Addition  of  calcium  oxide  obtaining  magnesia 
titanium  slags  improves  their  physical  properties  and  facilitates  the 
work  of  condensation  systems  in  the  chlorination  of  these  slags  since 
the  quantity  of  calcium  chloride  is  increased  in  melting  chlorides , 
which  sharply  curtails  the  escape  of  the  chlorides, 

BAJKOVIT  (Mg0,Ti203)  is  a  high  -  temperature  mineral  vhich  cry¬ 
stallizes  in  titaniimi  slags  which  contain  sigiificant  quantities  of 
magnesium  oxide  (more  than  6  per  cent)  with  a  high  11203  :  Ti02  ratio. 
The  composition  of  BAYKOVIT  was  determined  provisionally  for  the  first 
timeby  K.  Kh.  Tagirov  and  A.  B,  Rudneva  and  reqiiires  further  clarifica¬ 
tion.  It  received  its  name  in  honor  of  the  well  known  soviet  metallur¬ 
gical  scientist  Academician  A,  A,  Baykov, 

The  technological  significance  of  BAYKOVIT  requires  further 
clarification.  This  mineral  was  discovered  in  slags  with  a  high  mag4 
nesium  oxide  content  in  smelting  work  was  being  done  in  the  Zaporozh'ye 
Ferroalloys  Plant  jointly  with  the  VAMI  and  the  Institute  of  Metallurgy 
of  the  Academy  of  Sciences,  USSR. 

IMANIT  was  discovered  in  the  Si02  —  Ti02  ~  CaO  system  as  an 
intermediate  phase  in  the  process  of  reducing  titanium  dioxide.  The 
conposition  of  IMANIT,  which  was  named  in  honor  of  the  Institute  of 
Metallurgy  of  the  Academy  of  Sciences,  USSR  was  established  for  the 
first  time  by  A,  V.  Rudneva, 
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■  Among  the  other  titanium  minerals  the  most  ^portent  are  --  per- 
oVskite  (CaO.TiOp),  titanaugite  m{GaO.Mg0.2Si02).n(Ga0  (Al,  Ti)203Sx02), 
titanite  Ca0.Ti02Si05  and  others.  ,  Berovskite  is  a  stable  chenacal  com¬ 
pound  of  calcium  03dde  and  titanium  dioxide.  The  formatimon  of  perov^- 
kite  in  the  slag  lowers  its  electrical  conductivity  and  enables  the  ^ 
furnace  to  work  smoothly.  The  optimal  composition  of  tit^ium^slag  is 
determined  by  proper  selection  of  the  ratio  of  the  following  mineralo- 
gical  phases:  ANOSOVIT,  solid  solutions  based  on  titanium  sesquioxide, 

and  perovskite.  '  j..*  4,... 

Titanaugite  is  widely  prevalent  in  comparatively  lean  titamum 
slag  is  determined  by  proper  selection  of  the  ratio  of  the  following 
mineifalogical  phases;  ANOSOVIT,  solid  solutions  based  on  titanium  se- 

squioxide,  and  perovskite.  .  ,  ,  J.-4.  • 

Titanau^te  is  widely  prevalent  in  ccanparatively  lean  titanium 
slags  with  a  3  to  8  per  cent  magnesium  oxide  content*  Titanaugite  plays 
the  role  of  a  cement  in  the  slag  mass,  and  it  in^roves  the  reactivity 
of  titaniuni  slags  in  acids#  Titanium  slags  which  contain  titanagite 
have  a  higher  viscosity  and  a  lower  melting  point.  ^ 

Titanite  is  formed  in  lean  silicate  titanium  slags  with  a  low 
magnesium  oxide  content  (2-3  per  cent)  in  it.  It  has  no  practical 
significance  in  slags  with  a' high  titaniujjii  dioxide  content. 

In  concluding  this  examination  of  the  properties  of  titanium  ^ 
slags  and  their  phasal  composition,  one  should  note  that  if  intensifi¬ 
cation  of  the  processes  of  reducing  iron  oxides  in  the  smelting  of  ti¬ 
tanium  ores  should  be  regarded  as  the  first  condition  for  improving 
productivity,  then  the  transition  to  readily  f usable  slags  with  low 
electrical  conductivity,  whose  optimal  composition  is  determined  by  ^ 
the  selection  of  the  ratio  of  the  ANOSOVIT,  the  solid  solutions  based 
on  titanium  sesquioxide,  and  perovskite  which  are  cyrstallizing  in  the 
slag  constitutes  the  second  condition. 

II.  THE  CHLORINATION  OF  TITANIUM  COFIPOUNDS,  TITANIUM  SLAGS,  AND  CON¬ 
CENTRATES 

The  classical  works  of  D.  I,  Mendeleyev  set  forth  a  method  for 
obtaining  TiClji^  by  chlorinating  in  the  presence  of  carbon  as  the  redu¬ 
cing  agent  for  the  dioxide  and  other  titanium  compounds  with  gaseous 
chlorine. 

Studies  were  started  in  1916  with  the  aim  of  developing  the 
technology  of  producing  titanium  tetrachloride  in  Russia.  The  e::q>eri- 
ments  were  conducted  in  two  directions ;  chlorination  of  titanium  car¬ 
bide  and  chlorination  of  titanium-containing  ores  in  the  presence  of 
solid  carbon.  The  following  worked  on  the  first  assignment;  Professor 
Ye.  V,  Biron  and  S.  I,  Oreshkin  in  the  laboratory  of  the  Forestry  In¬ 
stitute;  M.  S.  Maksimenko,  V.  D.  Nikol‘skiy,  and  others  in  the  Elektro- 
splav  Plant;  K,  F.  Beloglazov  and  Yu.  F,  Kriger  in  the  laboratories  of 
the  Mining  and  Electrical  Engineering  Institutes. 
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Work  on  chlorination  was  preceded  by  the  studies  of  M,  S,  Mak¬ 
simenko  on  obtaining  titanium  slags  and  titanium  carbide.  M,  S,  Mak¬ 
simenko  was  one  of  the  first  in  Russia  to  smelt  ilmentie  concentrates 
with  addition  and  without  addition  of  flux  and  obtain  cast  iron  and 
high-titanium  slags. 

According  to  the  data  from  these  studies,  titanium  carbide  was 
Very  readily  chlorinated,  beginning  with  a  temperature  of  200  degrees, 
with  simultaneous  ancillary  chlorination  of  iron  oxides  with  formation 
of  Feclo.  The  iron  chloride  clogged  the  condensation  system,  and  the 
researchers  then  came  to  the  correct  conclusion  of  the  need  for  the 
maximum  decrease  in  the  iron  oxide  content  of  the  slags  and  concentra¬ 
tes. 

In  1917  Russian  research  vrorkers  developed  the  technology  for 
chlorinating  ilmenite  through  titanium  carbide  and  did  research  work 
on  the  chlorination  of  titainium  dioxide  which  have  not  lost  their  im¬ 
portance  even  up  to  the  present. 

Important  research  on  the  chlorination  of  titanium  compounds 
was  done  by  Soviet  scientists,  both  in  the  form  of  studies  of  the 
theoretical  principles  and  the  mechanics  of  the  process  of  cholorina- 
tion,  and  also  on  the  development  of  technological  processes  which 
played  a  decisive  role  in  establishing  modern  industrial  methods  for 
producing  liGl  .  This  research  work  was  done  in  the  GIPKh  ^/^sudar- 
stvennyy  insti4ut  prikladnoy  khimii  -  State  Institute  of  Applied  Chem- 
istrj7>  GLREDi'iET,  VAMI,  andthe  Academy  of  Sciences,  USSR  (lONKh  _^nsti- 
tut  obshchey  i  neorganicheskoy  khimii  -  Institute  of  General  and  Inor¬ 
ganic  Chenastr^y#  and  the  IMET  jj^nstitut  metallurgigii  -  Institute  of 
Metallurgy/  imeni  A.  A.  Baykov). 

a.  The  Theoretical  Principles  of  the  Chlorination  of  Titanium  Compounds 

In  order  to  understand  the  essential  features  of  the  processes 
which  take  place  in  the  chlorination  of  titanium  raw  material,  know¬ 
ledge  of  the  properties  of  titanium  chlorides,  thepphysico-chemical 
principles  of  the  chlorination  of  titanium  compounds,  and  the  secondary 
processes  which  go  on  during  chlorination  is  important. 

Titanium  forms  a  number  of  compounds  with  chlorine:  TiCl4, 

TiCl^,  TiCl2#  vdiose  basic  properties  are  shown  in  Table  4. 

TABLE  4 
TiCl4 

Specific  gravity,  grams  per  cubic 

centimeter  1,72? 

Viscosity  at  20  degrees 

(in  poises)  O.OOS36 
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TiCl3 

TiCl2 

2.68 

3.12 

V+  -  specific  volume  nt.-O  3 000516 

^  Vt  -  0.5171 

Vt=o. 56773  (1  + 

9.6457  X  10“4  \ 

6.02  X  10-7t2  i 

4.  5194  X  10-9t3) 

translator's  note:  Although  this  line  is  cited  in  the  table  of  correc¬ 
tions  in  the  back  of  the  bookj  no  t  was  inserted  after  the  9.6457  x  10 
to  read  9,6457  x  10“4t,  The  term  as  it  appears  in  the  book  makes  no  sense. 
I  added  the  final  parenthesis7 . 

Vapor  pressure 


Free  energy 


Fusion  point 
Boiling  point 


General  state  at  20  Degrees 


Titanium  forms  three  most  prevalent  oxides:  TiO-j^  Ti03,  and  TiO 
and  a  number  of  oxides  of  complex  conqjosition:  Ti^O^  >  ^120^  .  3  - 
4  Ti02  DS! >  others. 

The  following  complex  solid  solutions  are  formed  on  the  basis  of 
titanium  oxide  lattices; 

n^Ti,  Fe,  Al)20„Ti0j7n/r3Ei,  Fe,  Mg,  Co)0.  , 

^e,  tin,  Mg)0  .  liOo^.  ni  (Fe,  TDsO.  .  , 

(Ti,  Fe,  Mg)0  .  n2Ti(0,  C,  N) 


Ig  P  =  -  29I9T-I 
4-  ^'5.788  ig:T  f 

25:129 

-  -  I8O7OO  - 
1.8  T  Ig  T  4.  + 
34.65  T 


-  25 

137  degrees 


Colorless 

Liquid 


Ig  P  =  -  10000 
-  4.52  Ig  T  I 
$  25.08 

A  F  =  -  128000 LF=  -12290 
f  9.7  T  12.2  T  Ig 

T  -  -  68,. 
T 

730  degrees  Sublimes 

960  degrees  1000  de¬ 
grees  (m:-. 
der  pres¬ 
sure) 

Solid  of  Solid, 

violet  color  Brown  and 
brownish- 
black  cry¬ 
stals. 


Study  of  the  kinetics  and  the  thermodynamics  of  chlorination  of 
these  solid  solutions  is  of  great  practical  and  theoretical  interest  and 
is  a  subject  for  research  at  present. 
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Chlorination  of  titanium  oxides  by  chlorine  gas  proceeds  in  ac¬ 
cordance  vdth  the  reactions: 

Ti02  f  2Cl2  ;:;;/TiCl^  f  O2; 

AF  -  37760  -  12,8  Tj 

1/3  Ti305  I  2CI2  =  TiCl^  1  5/6  02? 

;,F  =  13425  -  5,12  Tj 

1/2  ti03  A  2CI2  =  TiCl^  f  3/4  ^2? 

/■'  F  =  -  1325  -  1,825  T; 

TiO  I  2CI2  =  TiCl^  I  1/2  O2; 

F  =  -  I8O7OO  ■}.  29,0  T. 

A  comparison  of  the  values  of  the  free  energy  of  these  reactions 
at  the  ten^ieratures  of  the  technological  process  shows  that  the  tempera¬ 
ture  at  the  beginning  of  chlorination  of  the  titanium  oxides  decreases 
with  a  decrease  in  valance.  In  practice,  only  the  oxide  and  the  lower 
oxide  of  titanium  are  chlorinated  directly  by  chlorine  gas. 

According  to  data  in  the  literature,  titanium  doixide  begins  to 
chlorinate  at  800  degrees,  however,  this  may  be  valid  on  condition  that 
intermediate  compounds  between  chloridea  and  oxides,  oxychlorides  of 
titanium,  are  formed  in  the  products  of  chlorination.  The  extent  of 
the  development  of  such  a  reaction  is  insignificant  and  does  not  exceed 
1  per  cent  in  a  period  of  4  hours  at  a  temperature  of  800  degrees  and 
a  flow  of  the  gas  at  15  liters  per  hour  /327* 

Chlorination  of  the  lower  oxides  of  titanium  ean  proceed  with 
the  formation  of  titanium  tetrachloride  and  titanium  dioxide: 

2Ti205  f  2012  =.TiCl^  f  5Ti02j 

/i  F  =  -  108240  A  33,35  Tj 

2X120^  f  2CI2  s  TiCl^  f  3Ti02J 

F  r  -  363170  f  73,7  T| 

2TiO  +  2CI2  a  TiCl/^  ^  Ti02; 

F  a  -  154560  -  55,4  T; 
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A  comparison  of  the  reactions  in  1  -  A  -  7  permit  one 

to  conclude  that  chlorination  reactions  with  the  formation  of  Ticl/^ 
and  titanium  dioxide  possess  the  most  favorable  conditions  for  deve¬ 
lopment  and  thus  their  occurrence  is  more  probable. 

Studies  of  the  kinetics  of  the  chlorination  of  HO  made  in  the 
Institute  of  Nonferrous  Metals  and  Gold  showed  that  the  lower 

oxide  of  titanium  was  chlorinated  only  with  the  formation  of  titanium 
tetrachloride  and  titanium  dioxide „ 

Chlorimition  of  titanium  oxides  in  the  presence  of  a  reducing 
agent  (carbon)  is  of  great  practical  importance  since  rutile  and  ti¬ 
tanium  slags  are  chlorinated  in  the  presence  of  solid  carbon. ^ 

The  mechanism  of  the  reactions  of  chlorination  of  titanium  by 
solid  carbon  ^§^27  was  studied  by  the  Soviet  research  workers  A,  V. 
Panfilov  and  co-workers  36 ^  37,  AO/. 

The  process  of  chlorination  of  titanium  doxide  can  proceed  ac¬ 
cording  to  one  of  these  reactions: 

Ti02  +  20  +  2CI2  *  TiCl;i^  f  2C0; 

Ti02  ^  **  ^^^^A  ^  ^^2  * 

Reaction  (8)  predominates  up  to  temperatures  of  700  degrees, 
while  only  reaction  (9)  is  of  practical  importance  at  temperatures 
around  1000  degrees. 

The  intensity  of  chlorination  depends  not  only  on  the  type  of 
compound,  but  also  bn  the  activity  of  the  chlorine,  since  atc^c 
chlorine  interacts  more  effectively  than  molecular  chlorine  /3l7 • 
Phosgene,  carbon  tetrachloride,  and  others  serve  as  activators  of  the 
chlorine.  It  was  established  ejqjerimehtally  that  the  interaction 
temperature  of  chlorine  with  titanium  dioxide  —  cholerine  800  degrees, 
phosgene  A50  degrees,  and  carbon  tetrachloride  A30  degrees. 

The  literature  contains  recommendations  in  regard  to  technolo¬ 
gical  processes  for  chlorination  of  titanium  conqjounds  by  carbon  tech- 
trachloride  and  phosgene,  but  they  have  not  become  widespread  7327* 

Let  us  examine  the  most  important  reactions  of  the  chlorination 
of  titanium  oxides  in  the  presence  of  carbon: 

TiOg  +  2C  +  2CI2  =  HCl^  =  2C0j 

A  Fo  =  11560  -  5A,60  Tj 

Ti02  f  C  i  2CI2  -  TiCl^  f  CO2J 

6  po  a  -  56360-13,0  Tj 
1/3  1130^  f  2CI2  4-5/3  0  =  TiCl^  4-  5/3  COj 
£1fo  .  «  31070  -  AO  Tj 

r 
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1/3  Ti30^  +  2CI2  f  5/6  C  =  TiCl^  +  5/6  COgj 
^  Fo  s  65075  -  5,3  Tj 

1/2  1120^  ■{•  2GI2  I  3/2  C  »  TiCl^  f  3/2  CO; 

^  po  =  -  41375  -  33,1s  T; 

1/2  1120^  •)■  2CI2  f  3/4  c  =  TiCl^  J-  3/4  CO2; 

^  Fo  a  -  71970  -  2,0  T; 

TiO  f  2CI2  {  ^  TiCl^  4-  CO; 

/^Fo  =  -  85100  -  13,3  T; 

TiO  f  2CI2  +  1/2  C  ^  TiCl^  f  1/2  CO2; 

/\  FO  «  -  105,500  f  7,6  T. 


In  the  opinion  of  some  research  workers,  the  role  of  addition  of 
the  reducing  agent  consists  in  the  lowering  the  dissociation  pressure 
of  oxygen  in  the  system,  thus  facilitating  more  complete  chlorination. 
Thus,  the  role  of  the  reducing  agent  amounts,  so  to  speak,  to  reducing 
the  oxide  to  a  lower  valance  or  to  metal,  which  is  more  easily  reduced. 
Undoubtedly,  this  process  is  really  much  more  complicated.  The  char¬ 
acter  of  the  development  of  the  process  for  chlorinating  titanium  ox¬ 
ides  in  the  presence  of  solid  carbon  reminds  one  of  the  reduction  of 
the  oxides  of  solid  carbon  /3C7,  and  the  mechanism  of  interaction  can 
be  presented  as  a  summary  process ; 

Ti02  •{•  2C0  f  2CI2  =  TiCl^  f  2CO2 
2CO2  +  2C  «  4C0 


gTiCl^  f  2Fe203  =  3  Ti02  f  4FeCl2; 

The  composition  of  the  gas  phase  in  chlorination  is  determined 
by  the  rateof  the  reaction  (19),  which  moves  in  the  direction  of  for¬ 
ming  carbon  dioxide  up  to  7OO  degrees  and  in  the  direction  of  carbon 
monoxide  at  higher  temperatures. 

Knowledge  of  the  degree  of  development  of  reaction  (19)  under 
the  conditions  of  the  chlorination  of  titanium  oxides  is  of  great  i 
practical  importance  in  the  proper  measuring  of  the  reducing  agent  in 
the  charge.  A  large  excess  of  the  reducing  agent  leads  to  contamina¬ 
tion  of  the  cholorinator  and  premature  stoppage  of  the  units. 
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Research  conducted  by  the  Institute  of  Metallurgy  of  the  Academy 
of  Sciences,  USSR  established  that  the  process  of  chlorination  of  tit¬ 
anium  dioxide  in  the  presence  of  carbon  monoxide  is  developed  to  a 
significant  extent  only  at  temperaturesaabove  900  degrees,  and  proceeds 
intensely  at  1000  -  1050  degrees.  Reactions  of  the  chlorination  of 
titanium  dioxide  in  the  presence  of  solid 'carbon' take  on  noticeable 
development  at  lower  temperatures  than  in  the  presence  of  carbon  mono¬ 
xide  . 

Studies  on  the  problem  of  the  transfer  of  chlorliene  and  cataly¬ 
sis  occupy  an  important  place  in  the  works  of  Soviet  Scientists, 

Under  certain  conditions,  the  chlorides  them  selves  can  -be 
sources  of  chloring.  Thus,  the  higher  chlorides  can  dissociate  and 
release  chlorine  gas  vrtiich  has  a  more  active  chlorinating  action  than 
molecular  chlorine.  Titanium  tetrachloride,  idiich  can  chlorinate  iron 
oxides,  kali  metals,  and  lakaline-earth  metals,  has  such  a  pro^rty. 

A.  V.  Panfilov  and  others  have  pointed  out  the  possibility 

of  the  occurrence  of  the  following  reactions. 

3TiCl^  f  2Fe203  =  3Ti02  +  AFeCl^; 

TiCl^  f  2CaO  =  Ti02  *■  ^CaClg. 

According  to  these  reactions,  the  secondary  processes  take  place 
in  the  upper  part  of  industrial  chlorinators  and  the  degree  of  their 
development,  as  in  other  processes  in  industrial  units,  have  not  as 
yet  received  the  attention  due  them  from  research  workers. 

The  addition  of  chlorides  of  the  alkali  and  alkaline-earth  metals 
to  sulfates  or  phosphates  of  titanium  can  lead  to  exchange  reactions 

with  the  formation  of  titanivrai  tetrachloride  25^7  • 

Thus,  the  problem  of  the  transfer  of  chlorine  and  exchange  re¬ 
actions  leads  directly  to  the  problems  of  catalysis,  chlorinating 
roasting,  and  secondary  processes  which  may  take  place  in  chlorinators. 

When  titanium  oxide  is  chlorinated  with  a  small  addition  of  an 
oxide  of  zirconium,  cerium,  or  other  rare  -  earth  elements,  the  react¬ 
ion  is  significantly  developed  at  temperatures  of  300  -  400  degrees 

5^- 

The  addition  of  0,1  per  cent  of  manganese  peroxide  with  a  2  !  1 
Ti02  I  0  ratio  leads  to  a  noticeable  acceleration  of  the  chlorination 
reaction  at  420  degrees  • 

Since  chlorination  is  a  heterogeneous  process  (the  interaction 
of  the  chlorine  and  the  oxides  takes  place  on  some  surface  or  other), 
then  increasing  the  reactionsurface  will  facilitate  the  intensifica¬ 
tion  of  chlorination;  preparation  of  the  raw  material  with  the  purpose 
of  increasing  the  porosity  of  the  briquettes  is  of  special  in?)ortance, 

b.  The  Chlorination  of  Titanium  Slags 
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Titanium  slags  have  a  complex  composition  and  chlorinating  them 
presents  a  difficult  problem,  ^his  difficult  problem  was  first  solved 
on  a  large  industrial  scale  in  the  Soviet  Union, 

Beginning  in  1930^  projects  were  conducted  on  the  chlorination 
of  titanium  compounds  in  the  lONKh  of  the  Academy  of  Sciences,  USSR, 
the  CSPKh,  and  the  KtREDMET.  The  GIREDMET  was  first  to  carry  out 
projects  on  the  chlorination  of  titanium  slags  and  this  insstitute, 
jointly  with  the  Podol'sk  Chemico-Metallurgical  Plant,  mastered  the 
industrial  production  of  titanium  tetrachloride  by  chlorinating  its 
dioxide. 

The  research  done  by  the  VAMI  and  the  Podol’sk  Plant  on  the  chlor¬ 
ination  of  titanium  slags  under  industrial  conditions  resulted  in  the 
development  and  the  introduction  into  industry  of  technology  aM  faci¬ 
lities  which  would  permit  the  production  of  high-quality  titanium  te¬ 
trachloride  from  slag. 

At  present,  several  methods  have  been  recognized  in  our  country 
and  abroad  for  chlorinating  titanium-containing  materials  which  have 
been  introduced  into  production  or  are  under  study.  These  methods  in¬ 
clude  chlorination  with  clorine  gas  or  phosgene  in  shaft  furnaces  at 
temperatures  of  300  to  1000  degrees,  chlorination  in  a  suspended  state 
in  a  liquid  or  gaseous  medium,  and  others.  Two  types  of  chlorinators 
have  become  prevalent  in  the  production  of  titanium  tetrachloride,  of 
which  one  is  a  unit  of  shaft  -  type  with  batch  operation  and  the  other 
is,  a  unit  for  zone  chlorination  —  for  continuous  operation  . 

Studies  made  on  the  chlorination  of  titanium  slags  in  the  Insti¬ 
tute  of  Metallurgy  of  the  Academy  of  Sciences,  USSR  showed  that  the 
lower  oxides  of  titanuim  like  TioOj,  Ti  0^,  and  TiO  are  chlorinated 
in  slags  according  to  reactions  \I  and  xlv,  forming  titanium  dioxide 
and  titaiuum  tetrachloride  in  the  products.  Reaction  I  is  primary  for 
chlorination  of  the  lower  oxides  of  titanium  in  the  presence  of  solid 
carbon. 

Thus,  the  chlorination  of  the  lower  oxides  of  titardum:  Ti^O^, 
Ti20,3,  and  TiO,  using  the  chlorination  of  Ti20o  as  an  example,  can  Be 
presented  as  the  two-stage  process: 

211203  .f  2C1^  §  TiCl^  +  3Ti02 
3Ti02  +  6C  +  6CI2  =  3TiCl^  -I-  6C0 


211203  f  8CI2  f  6C  =  4TiCl^  4- 6C0. 

The  rate  of  progress  of  the  summary  process  id  determined  by  the 
velocity  of  the  reaction  of  the  chlorination  of  titanium  dioxide  in 
the  presence  of  solid  carbon 5  therefore,  the  chlorination  of  the  lower 
oxides  progresses  at  the  same  rate  as  the  chlorination  of  titanium 
dioxide  in  the  compared  conditions.  The  |iower  temperature  of  the  be- 
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ginning  of  the  process  of  chlorinating  the  sesquioxide  to  form  titan¬ 
ium  dioxide  and  titanium  tetrachloride  is  an  advantage  of  the  chlorina¬ 
tion  of  the  lower  oxides. 

It  is  pointed  out  in  the  works  published  by  V,  Kroll  that  flux 
additives  like  the  oxides  of  calcium  and  magnesium  decrease  the  rate 
of  chlorination  of  the  briquettes  of  the  charge,  covering  them  with 
calcium  chloride  and  magnesium  chloride.  However,  the  significance  of 
the  fact  is  greatly  exaggerated  in  these  works  as  ttudies  made  by  the 
VAl'^il  and  the  experience  of  the  titanium-magnesium  plants  show  that 
the  difficulties  caused  by  flux  additives  amount  to  a  small  overex¬ 
penditure  of  chlorine  and  the  need  for  periodic  tapping  of  chlorides 
of  the  molten  charge. 

These  difficulties  can  be  overcome  sityce  the  share  of  the  chlor¬ 
ine  in  the  cost  of  titanium  is  negli,gible^7^7  tapping  the  chlor¬ 
ides  of  the  liquified  charge  will  not  give  rise  to  complications  if 
the  thermal  conditions  of  the  furnace  have  been  properly  set  up  for 
chlorination. 

The  use  of  slags  with  a  small  addition  of  flux  ^calcium  oxide) 
in  chlorination  markedly  decreases  the  power  requirements  of  the  pro¬ 
cess  of  producing  titanium  slags  due  to  the  transition  to  stable  ti- 
taniimi  slags  of  the  ANOSOVIT  —  perovskite  type  with  a  melting  point  of 
1400  -  1500  degrees.  The  addition  of  calcium  oxide  limits  the  reduc¬ 
tion  to  the  lower  oxides  and  decreases  the  ferrous  oxide  content  in 
the  slags  to  1  -  1.5  per  cent,  prevents  friability  in  the  titaniujA 
slags,  and  permits  wide  application  of  their  wet  granulation. 

Chlorination  of  silica  plays  no  small  role  in  the  chlorination 
of  titanium  slags  since  it  accumulates,  along  with  residual  carbon, 
in  the  furnace,  which  leads  to  periodical  stoppages.  In  the  presence 
of  the  carbon  free  silica  begins  to  chlorinate  at  1200  degrees.  In 
the  combine  state,  silica  is  chlorinated  along  with  those  oxides  whose 
silicates  are  subject  to  chlorination.  In  titanium  slags  vrtiich^  con¬ 
tain  titanaugite  as  the  principal  silicate  mineral,  the  silica  is  com¬ 
pletely  chlorinated.  Therefore,  the  flux  additives  should  be  introdu¬ 
ced  with  the  purpose  of  limiting  reduction  of  titanium  dioxide  to  the 
lower  oxides  and  forming  a  silicate  phase  in  the  slag  —  titanaugite. 

In  the  chlorination  of  titanium  slags ,  the  condensation^  stages 
are  decisive  for  the  entire  technological  process  of  chlorination. 

The  principle  difficulties  are  linked  with  the  development  of  designs 
for  production  condensations  systems.  The  VAMI  and  the  GEEREDMET,  to¬ 
gether  with  the  Podol’sk  Plant,  have  developed  satisfactory  designs 
for  consdensation  systems,  but  studies  are  being  continued  in  this 
field. 

The  principal  difficulties  encountered  in  the  operation  of  con¬ 
densation  systems  are  caused  by:  a)  clogging  the  condensation  system 
by  solid  chlorides  of  iron,  aluminum,  magnesium,  and  complex  compounds 
of  titanium  tetrachloride  with  other  chlorides}  b)  very  fine  dust  and 
solid  reaction  products  which  have  been  only  partially  removed  by  cyc¬ 
lones  or  dust  chambers  falling  into  the  condensate}  c)  clogging  of 
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the  pipe'-lines  with  a  mixture  of  dust,  liquid  tetrachloride,  titanium 
oxychloride,  and  compounds  of  more  complex  composition;  d)  contami¬ 
nation  of  the  gas  ,pipe  lines  with  products  of  the  hydrolysis  of  chlor¬ 
ides;  e)  destruction  of  the  condensation  system  due  to  the  interac¬ 
tion  of  iron  with  hydrochloric  acid  vapors,  and  others. 

Facilities  of  different  types  are  used  for  condensation;  the 
selection  of  designs  is  determined  essentially  by  the  composition  of 
the  raw  material  used  in  chlorination  ;/327» 

The  titanium  tetrachloride  obtained  is  purified  by  removal  of 
such  admixtures  as  chlorine,  phosgene,  chlorides  of  silicon  and  vana¬ 
dium,  oxychlorides  of  titanium,  vanadium,  chrome,  and  others.  The 
solubility  of  certain  chlorides  intitanium  tetrachloride  is  low;  for 
example,  the  solubility  of  ferric  chloride  is  merely  0.2  per  cent. 

The  majority  of  the  chlorides  and  oxychlorides  are  deparated  from 
TiCl,  by  filtration. 

In  order  to  lower  the  solubility  of  chlorides  (admixtures  of 
titanium  tetrachloride)  they  are  subjected  to  reduction  and  are  ccn- 
verted  to  salts  with  a  high  boiling  point  (the  lower  chlorides)  or 
to  complex  ashes  which  are  insoluable  in  TiCl/^^,  The  following  are 
utilized  as  reducing  agents:  powdered  metals,  for  example,  copper, 
metal  hydrides,  amalgairis,  chlorides  of  the  alkaline-earth  metals, 
iodids,  organic  compounds,  soap,  fats,  tars,  hydrogen,  sulfide,  and 
others.  Copper  and  hydrogen  siilfide  are  most  often  used  as  reducing 
agents. 

Admixtures  with  low  boiling  points  and  soluble  gases  are  re¬ 
moved  by  rectification  of  titanium  chloride. 

Studies  made  by  the  VAMI. showed  that  noticeable  quantities  of 
titanium  oxychloride  (TiOCl2),  whose  solubility  increases  with  the 
temperature  are  dissolved  intitanium  tetrachloride  and  that  is  can  be 
removed  by  rectification  or  vacuum  distillation. 

Study  of  the  following  systems  is  of  great  importance  in  the 
problem  of  condensing  and  purifying  titanium  tetrachloride:  TiCli  — 
FeClo  ;  TiCl  —  AlCl^;  TiCl^  —  VOCI3  —  VCl  and  others.  I.  S. 
Morozov  is  carrying  on'^work  in  the  lONRh  of  the  Academy  of  Sciences, 
USSR  to  decrease  the  amount  of  organic  ccmipounds  with  a  carboxyl  group 
and  soluble  hydrogen  chloride  contained  in  the  tetrachloride.  The 
VAM  is  conducting  work  on  the  molecular  spectroscopy  of  titanium  te¬ 
trachloride, 

c.  The  Chlorination  of  Titanium  Concentrates 

A,  V,  Panfilov  and  Ye.  G.  Shtandel'  ^67  studies  the  chlorina¬ 
tion  of  ilmenite  and  titanite  concentrates,  Ilmenite  of  the  following 
composition  was  used  in  the  experiments; 
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TiO 

FeO 

Fe203 

Si02 

Cr203 

MgO 

43.92 

31.41 

16.85 

1.84 

0.05 

7.76 

and  Tiianite: 

8x0^ 

TiOj 

CaO 

FeO 

MgO 

MnO 

P2O5 

HjO 

26.83 

25.42 

28.45 

1,32 

2.98 

1.29 

0.13 

7.18 

0.14 

These  ejqjeriinents  showed  that  chlorination  of  ilinenite  in  the  pros 
presence  of  a  reducing  agent  proceeded  at  5.57  P®r  cent  at  300  degrees 
and  95,58  per  cent  at  740  degrees  (in  one  hour  with  delivery  of  chor¬ 
ine  gas  at  the  rate  of  2  liters  per  hour).  With  direct  chlorination 
of  ilmenite,  as  in  the  case  of  slags  with  a  high  iron  content  (of  the 
type  used  in  the  Sorel  Plant),  along  with  the  difficulties  encountered 
in  organizing  uninterrupted  operation  of  the  condensation  system,  there 
arises  the  problem  of  extracting  chlorine  which  is  combined  in  the 
form  of  iron  chlorides  —  a  problem  that  has  not  been  solved  at  pres¬ 
ent  /"7  7.  ^  ' 

nie  chlorination  of  titanite  /sphenite/  concentrates  takes  place 
at  higher  temperatures  than  ilmenite,  and  chlorination  of  calcium  oxide 
and  silica  (chlorination  was  done  in  the  presence  of  carbon)  takes ^ 
place  along  with  chlorination  of  titanium  dioxide.  Calcium  oxide  is 
chlorinated  most  readily,  then  titaniian  dioxide,  and  finally  silica. 

At  800  degrees  all  the  calcium  oxide  and  the  titanium  dioxide  is  chlor¬ 
inated  and  60  -  70  per  cent  of  the  silica. 

Titanite  is  a  poor  raw  material  as  far  as  titanium  is  concerned. 
The  enormous  expenditure  of  chlorine  and  the  limited  possibilities  for 
using  calcium  chloride  are  the  principal  obstacles  in  the  use  of  titan¬ 
ite  concentrates  as  raw  material. for  prodiucitig  titanium. 


III.  PRODUCTION  OF  METALLIC  TITANIUM 

the  industrial  technological  methods  for  producing  sponge  titan¬ 
ium  are  based  on  met allot hermal  methods  for  reducing  titanium  tetrach- 
chloride  by  magnesium  and  sodium.  The  production  of  pure  titanium  by 
refining  metallic  titanium  with  the  iodide  method  under  industrial  con¬ 
ditions  was  mastered  for  research  and  special  projects.  Other  methods 
for  producing  titanium  have  not  as  yet  passed  out  of  the  stage  of  lab¬ 
oratory  or  pilot  plant  research.  These  include;  a)  met ballot hermal 
methods  for  reducing  titanium  dioxide  with  calcium  or  calcium  hydride 
or  by  multistage  reduction  with  magnesium  and  calcium;  b)  processes 
based  on  the  decomposition  of  the  lower  chlorides  of  titanium  obtained 
by  reducing  titanium  tetrachloride  with  aluminum,  sodium,  and  other  re¬ 
ducing  agents;  c)  electrochemical  methods  for  producing  titanium  ~ 
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electrolysis  of  chloride,  oxide  and  fluoride  compounds,  and  the  re- 
fining  of  titanium  ligatures  and  scrap  from  titanium  alloys,  and  , 
others . 

In  the  Soviet  Union  titanium  was  first  produced  in  small 
quantities  for  the  needs  of  the  electrical  engineering  industry, 

A  comparative  study  was  made  in  the  GIREDI'IET  of  different  meth¬ 
ods  for  producing  metallic  titanium:  reducing  titanium  dioxide  and 
titanim  tetrachloride  with  sodium,  calcium,  magnesium,  and  other 
reducing  agents. 

In  order  to  produce  titanium  suitable  for  construction  pur¬ 
poses,  magnesium  thermal  method  for  reducing  titanium  tetrachloride 
was  selected. 

This  method  was  tested  experimentally,  then  the  production  of 
titanixmi  on  an  industrial  scale  was  master*ed  at  the  Podol'sk  Chomicp^ 
Metallurgical  Plant, 

In  the  USSR  at  the  present  time,  the  VAMI  has  conducted  and 
is  conducting  large  research  projects  on  perfecting  the  technology 
of  producing  titanium,  on  developing  apparatus  of  large  capacity  and 
new  types  of  apparatus,  as  a  result  of  vdiich  the  essential  data  have 
already  been  accumulated  for  creating  a  large  titanium  industry  in 
the  USSR  based  on  the  magnesium  thermal  method. 

The  second  type  of  projects  on  producing  metallic  titanium  in 
the  USSR  was  begun  in  1947  by  the  TsNIIChM.  After  a  comparative  study 
of  a  number  of  methods  was  made,  a  method  for  reducing  titanium  dio¬ 
xide  with  calcium  hydride  was  adopted.  This  method  produces  a  finely 
dispersed  powder  which  is  converted  to  a  compact  state  by  powder  me¬ 
tallurgy  and  suitable  processing.  The  titanium  produced  by  this  method 
has  mechanical  properties  that  are  somewhat  poorer  than  those  of  ti¬ 
tanium  produced  by  the  magnesium  thermal  method, 

a.  The  Reduction  of  the  Oxides  and  the  Halides  of  Titanium 

Dissociation  of  titanium  oxides  into  metal  and  oxygen  are  scarce¬ 
ly  probable  in  practice  —  the  equilibrium  constant  of  dissociation  of 
titanium  dioxide  at  2500  degrees  Kelvin  ia  equal  to  4  10“5  atmospheres, 

the  monoxide  1  x  10~^ ,  and  only  at  temperatures  of  5000  Kelvin  is  the 
constant  equal  to  10,  • Gaseous  reducing  agents  do  not  reduce  oxides  of 
titanium  and  only  atomic  hydrogen  has  any  prospects  in  this  respect; 
it  ^elds  the  same  results  as  metallic  calcium  in  the  reduction  of  ti¬ 
tanium  dioxide,  but  i^s  effectiveness  as  a  reducing  agent  is  decreased 
storply  with  an  increase  in  temperature  2^41,  427*  When  titaniu®  dio¬ 
xide  is  reduced  with. carbon,  the  reduction  produces  titanium  carbide. 

Of  the  matallic  reducing  agents  only  metallic  calcium  is  capable 
of  decreasing  the  oxygen  in  the  titanium  down  to  practically  permis- 
sable  limits.  It  was  established  experimentally  that  the  oxygen  dis¬ 
solved  in  titanium  is  in  equilibrium  with  the  calcium  oxide  and  liquid 
metallic  calcium  in  concentrateions,  at  600,  900,  and  1000  degrees,  in 
percentages,  respectively;  0.049  ,  0,066,  and  0.136  Berillium 
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and  magnesium  are  in  equilibrium  vdth  2.3  and  6,6  per  cent  of  oxygen 
dissolved  in  titanium. 

The  literature  contains  references  starting  that  thorium  and 
gadolinium  are  the  best  deoxidizers,  but  that  when  gadol^m  is  used, 
the  equilibrium  concentration  of  oxygen  is  0.1  per  cent  /42/ .  Of  the 
metallic  reducing  agents,  only  metallic  calcim  can  be  used  for  re¬ 
ducing  titanium  dioxide,  but  it  usually  contains  quite  large  quanti¬ 
ties  of  nitrogen  in  solution,  therefore  metallic  calcium  must  be  dis¬ 
tilled  prior  to  utilization. 

The  existing  methods  for  bbtaining  titanium  which  are  applica¬ 
ble  in  practice  specify  two  or  more  stages  of  reduction  of  the  titan¬ 
ium  ojp-des,  respectively  for  calcium  -  magnesium  and  for  other  reduc¬ 
ing  agents. 

The  process  of  reducing  titanium  dioxide  with  metallic  calcium 
takes  place  vrith  the  release  of  158  kilocalories  per  gram  of  products 
and  reagents.  This  heat  is  not  sufficient  to  produce  the  metal  in 
compact  form.  Intensifiers'  are  added  to  the  charge  to  increase  the^ 
specific  heat  effect  of  the  process.  According  to  preliminary  studies 
made  by  the  UFAN  sulfur  is  such  an  additive  which  strongly  increases 
the  exnthermality  of  the  process  and  metallic  titanium  is  produced  in 
a  compact  form. 

'When  titanium  dioxide  is  reduced  with  silicon,  titanium  sili- 
cide  is  formed,  and  vrtien  aluminum  is  used,  titanium-aluminum  alloys 
are  formed.  The  oxygen  content  in  a  titanixan-aluminum  alloy  is  in¬ 
creased  with  an  increase  in  the  titanium  in  itj  thus,  with  a  43  per 
cent.Ti  content,  the  oxygen  in  the  alloy  amounts  to  0.1/0,13  per  centj 
with  64  per  cent  Ti  —  up  to  4  per  cent;  and  with  85  per  cent  Ti  — 
abbut  11.5  per  cent  oxygen  /427.  The  titanium  can  be  extracted  from 
the  alloys  obtained  by  means  of  electrolytic  refining.  This  method  of 
refining  titanium  wastes  was  developed  first  by  the  TsNIIChM. 

Metallic  titanium  can  be  obtained  by  dissociation  of  the  chlor¬ 
ides  and  bromides.  However,  this  process  requires  high  t emperatures 
for  its  progress.  Of  all  the  halogens  only  titanium  tetraiodide  de¬ 
composes  at  lower  temperatures. 

This  method,  despite  all  its  simplicity,  is  expensive,  and  the 
metal  iodide  is  used  in  limited  quantities. 

In  the  USSR  the  iodide  method  Of  refining  titanium  was  develop¬ 
ed  in  the  SREDMET  and  it  was  mastered  industrially  in  the  Podol'sk 
Chemico-Metallur^cal  Plant. 

The  Titanium  most  free  of  oxygen  can  be  obtained  in  industrial 
quantities  by  reducing  titanium  tetrachloride.  The  reduction  ofTTiCl^ 
with  hydrogen  is  of  no  practical  significance  since  the  equilibrium 
constant  of  this  reaction  is  at  1000  degrees  Kelvin,  1500  degrees  Kel¬ 
vin,  and  2000  degrees  Kelvin  —  lx  10-13,  1  x  10"°,  and  2  x  10~3  re¬ 
spectively.  There  are  indications  that  when  titanium  tetrachloride 
is  reduced  by  atomic  hydrogen  pure  metallic  titanium  can  be  obtained 

Z^27. 
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Titanium  tetrachloride  is  a  very  stable  chemical  compound; , thus, 
when  it  is  heated  to  5500  degrees  Centigrade,  one  does  not  observe  any 
noticeable  dissociation  of  this  compound.  The  lower  chlorides  are  un¬ 
stable  when  heated  and  readily  convert  to  titanium  tetrachloride  and  a 
very  dispersed  metallic  powder.  Titanium  dichloride  has  such  proper¬ 
ties,  As  for  TiCl^,  it  usually  dissociates  tottitanium  tetrachloride 
and  titanim  dichloride.  At  present  studies  are  being  made  bn  the  de¬ 
composition  of  the  lower  chlorides;  however,  the  most  important  prob¬ 
lems  Tidiich  require  solutions  are:  preventing  the  oxidation  of  pyro¬ 
phoric  titanium  powder,  protecting  vacuum  pumps  from  the  corrosive 
action  of  TiCl/j^,  and  obtaining  lower  chlorides  of  satisfactory  purity. 

The  decomposition  of  the  lower  chlorides  into  the  metal  and  tetrach¬ 
loride  is  very  complicated  process  and  the  prospects  of  its  utiliza¬ 
tion  are  very  limited, 

b.  The  Reduction  of  Titanium  Tetrachloride  with  Metallic  Magnesium 

The  principal  qmntity  of  titaniim  produced  in  the  world  is 
produced  by  the  magnesium  thermal  reduction  of  titanium  tetrachloride 
by  the  Kroll  reaction: 

tiClj^gas  4-  %liq  ®  ^^sol  f  2^^gCl2  . 

/lH29g  -  -  m  .  600  f  10,000  calories 

the  values  of  the  eqilibrium  constant  (500  degrees  Kelvin  —  10^3  at 
“2 j  1000  degrees  Kelvin  —  lOl?  at  and  1300  degrees  Kelvin  --  10^ 
at  ~i)  indicate  a  good  completion  of  this  process  at  the  temperatures 
of  the  technological  process. 

Magnesium  produced  by  electrolysis  is  used  as  the  reducing  a- 

gent.-  . 

The  titanium  is  produced  in  apparatuses  called  reactors.  The 
design  of  reactors  varies  and  is  determined  by  the  experience  in  the 
production  of  titanim  at  this  or  that  enterprise. 

V,  Kroll  published  an  overall  view  of  a  650-kilogram- reactor 
which  is  being  used  in  a  plant  in  Henderson  2geNDERSOn7  IMJ , 

The  literature  indicates  that  1300-kilogram  reactors  are  being 
created  which  operate  on  a  batch  process.  Studies  on  devolbping  con¬ 
tinuous  methods  for  producing  titanium  are  being  made  on  a  large  scale 
in  different  countries,  but  they  have  not  as  yet  loft  the  stage  of  pi¬ 
lot  plant  projects.  The  creation  of  large  capacity  units  for  reducing, 
and  the  development  of  continous  methods  for  producing  titanium  require 
painstaking  study  of  the  mechanism  of  the  processes  of  reduction  and 
the  formation  of  sponge  titanium  under  conditions  close  to  production 
conditions  as  well  as  apparatus  of  the  plant  type , 

A  stiidy  of  the  processes  of  reduction  and  of  formation  of  sponge 
titanium  was  made  in  the  Institute  of  Metallurgy  of  the  Acadany  of  Sci¬ 
ences,  USSR  under  the  leadership  of  the  authors.  Engineer  S,  V,  Ogurtsov, 
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and  Candidate  of  Technical  Sciences  A.  V.  Revekin  for  the  case  of  re¬ 
duction  with  sodium, 

c.  Processes  for  Reduction  And  Formation  of  Sponge  Titamum 

The  reduction  of  titanium  tetrachloride  with  magnesium  is  a 
complicated  physico-chemical  process  whose  duration  is  determined  by 

both  physical  and  chemical  phenomena,  j..  v  ^  i 

An  idea  was  gained  of  the  mechanism  of  the  processes  vciich  took 
place  in  the  reactor  as  a  result  of  the  study  of  the  kinetics  of  the 
reaction  of  reduction  of  titanium  tetrachloride  with  magnesium,  the 
distribution  of  the  reaction  products,  the  structure  of  the  sponge  ti¬ 
tanium  tetrachloride  is  fed  into  the  processes  of  reduction  and  forma¬ 
tion  of  sponge  titaniim,  and  others. 

These  ideas  were  formed  independently  of  each  other  by  research 

workers  in  different  nations. 

The  works  on  the  study  of  the  mechanism  of  the  processes  of  the 
reduction  and  the  formation  of  sponge  titanium  underestimate  the  role 
of  the  interaction  of  the  reagents  in  the  gaseous  phase,  and^  some  of 
the  research  workers  simply  denied  the  practical  possibiUty  of 

the  developnent  of  such  an  interaction.  One  of  the  things  vdiich  con¬ 
firmed  this  was  the  fact  that  sponge  titanium  did  not  grow  around  me¬ 
tallic  pins  which  had  been  welded  perpendicular  to  the  top  of  the 
crucible  and  did  not  come  in  contact  with  the  melten  nagnesium.  Com¬ 
plete  reduction  of  the  reaction  to  the  interaction  of  the  tetrachlor¬ 
ide  with  magnesium  over  the  entire  surface  of  the  sponge  titanium  was 
inaccurate  /  7_7*  The  causes  of  the  dendritic  structure  of  sponge  ti¬ 
tanium  and  the**predominant  development  of  the  reaction  on  its  surface; 
the  effect  of  physical  phenomena  on  the  mechanism  of  the  process, 
namely  the  liquid  magnesium  chloride,  which  flows  down  in  the  bottom 
of  the  reactor  over  the  surface  of  the  titanium  sponge;  the  effect  of 
the  delivery  of  titanium  tetrachloride  on  the  formation  of  the  profile 
of  the  growing  sponge  and  on  the  velocity  of  the  process,  and  so  forth 
likewise  have  not  been  explained.  Ideas  of  the  mechanism  of  the  pro¬ 
cesses  of  reduction  and  formation  of  sponge  titadum  were  not  linked 
with  the  management  of  the  processes  in  industrial  reactors,  data  on 
the  kinetics  of  the  very  process  of  the  reduction  of  titanium  tetrac¬ 
hloride  with  magnesium,  et  cetera.  Some  general  ideas  concerning  the 
character  of  the  development  of  the  processes  of  the  reduction  and  the 
formation  of  sponge  titanium  have  been  gained  on  the  basis  of  studies 
made  recently  both  in  the  USSR  as  well  as  abroad. 

Prior  to  the  influx  of  titanium  tetrachloride,  the  molten  magne¬ 
sium  does  not  wet  the  steel  walls  of  the  vessel  and  has  a  convex  menis- 
ous.  In  the  first  instant  after  the  influx  of  the  titanium  tetrachlor¬ 
ide,  the  reaction  takes  place  both  in  the  gaseous  phase  as  well  as  on 
the  surface  of  the  molten  magnesium.  The  character  of  the  interaction 
of  the  titanium  tetrachloride  with  the  magnesium  is  shown  in  Figure  6, 
which  gives  a  general  "kinetic  photograph"  of  the  course  of  the  reduc- 
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tion  process.  The  ordinates  in  this  graph  show  the  degree  of  develop¬ 
ment  of  the  interaction  of  the  titanivun  tetrachloride  with  vaporized 
magnesivim  and  the  evaporation  TiCli  with  magnesium  and  the  rate 

of  the  reduct^n  of  vaporized  TiCl/^^  at  different  stages  of  the  process 
and  at  different  temperatures.  The  interaction  of  TiCl^j^  with  vaporiz¬ 
ed  magnesium,  particularly  in  the  initial  period,  develops  on  the 
walls  of  the  vessel. 

The  walls  are  covered  with  a  thin  coating  of  metallic  titanium 
or  its  lower  chlorides  and  the  surface  of  the  molten  magnesium  with 
magnesium  chloride  which  isolates  the  tetrachloride  from  further  dir¬ 
ect  interaction  with  the  surface  of  molten  magnesium.  At  the  same 
ti^e,-  the  titanium  formed  in  the  first  instant  settles  on  the  bottom 
of  the  vessel  and  is  revealed  after  separation  in  the  form  of  a  powder 
or  lightly-encrusted  films  on  the  bottom  of  the  vessel.  The  presence 
of  a  thin  coating  of  titanium  on  the  walls  and  the  magnesium  chloride 
change  the  relationship  of  the  surface  forces,  and  the  magnesium  cnr,i 
meniscus  under  the  layer  of  magnesium  chloride  changes  to  a  concave 
form,  the  magnesium  begins  to  wet  the  walls  of  the  vessel  which  are 
covered  with  a  thin  coating  of  titanium  or  its  chlorides,  and  climbs 
up  on  them.  Since  the  surface  of  the  magnesium  is  covered  over  with 
magnesium  chloride,  the  reaction  is  developed  only  where  the  magnesium 
climbs  over  its  surface. 

Thus,  the  reaction  develops  on  the  walls  of  the  vessel.  At  the 
dame  time,  the  lateral  surface  of  the  sponge  v^ich  is  beginning  to 
grow  is  very  small  and  is  wholly  covered  by  flowing  magnesium  chloride; 
but  the  nidus  the  reaction  is  supported  only  on  the  crest  of  the  sponge, 
therefore  it  is  developed  in  a  vertical  direction! 

The  magnesium  can  move  out  to  the  surface  only  where  sections 
of  the  surface  are  freed  of  magnesium  chloride.  Such  sections  are  "ac¬ 
tive"  and  can  grow  with  the  development  of  "titanium  dendrite"  which 
goes  past  the  level  of  the  magnesium  chloride  flowing  over  the  lateral 
surface  of  the  reaction  mass.  , 

Figure  7  shows  the  development  of  dendrites  of  titanium  in  the 
djiitial  period  of  the  reduction  of  titanium  tetrachloride  with  magnes¬ 
ium,^  It  is  obvious  that  the  thinner  the  layer  of  magnesium  chloride 
flowing  over  the  laterial  surface  of  the  sponge,  the  greater  the  num¬ 
ber  of  these  sections,  and  vice  versa,  the  greater  the  rate  of  delivery 
of  titanium  tetrachloride,  the  less  the  outflow  of  magnesium  to  the 
lateral  surface  and  the  higher  the  sponge  titanium  will  climb  up  the 
Vessel  walls.  At  a  certain  rate  of  delivery  of  titanium  tetrachloride, 
the  sponge  can  reach  some  definite  height  where  its  covering  of  magne¬ 
sium  chloride  is  decreased  to  such  an  extent  that  sections  of  its  later¬ 
al  surface  begin  to  be  exposed,  magnesium  can  flow  out  to  these  sections, 
and  the  sponge  titanium  begins  to  grow  in  a  horizontal  direction. 

Such  a  growth  to  the  limit  leads  to  the  formation  of  the  so-called  por¬ 
ous  "bridge". .Consequently,  the  character  of  the  development  of  the 
sponge  is  determined  by  the  rate  of  delivery  of  the  tetrachloride  can 
be  used  to  control  the  formation  of  the  profile  of  the  growing  sponge. 
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giving  it  a,  primarily  upward  development  with  a  high  rate  of  develop¬ 
ment  vath  a  high  rate  of  delivery  of  the  titanium  tetrachloride,  or 
toward  the  center  of  the  reactor  when  it  is  delivered  at  a  low  rate* 

By  the  time  that  30  “  40  per  cent  of  the  titanium  tetrachloride  is 
used,  the  magnesium  has  disappeared  as  an  independent  layer  in  the ^ 
reactor  and  has  gone  into  the  pores  of  the  developing  sponge  titanium. 

. At  the  temperatures  prevailing  in  the  process,  the  reaction 
mass  does  not  possess  sufficient  mechanical  strength,  and  the  size  of 
the  particles  of  titanium  is  insignificant,  on  the  order  of  500  Ang¬ 
strom  units.  . 

The  particles  of  titanivun  covered  vath  t^gnesium  are  held  in 
a  conglomerate  by  surface  forces;  in  the  absence  of  magnesium  the  ^ 
titanium  is  not  in  equilibrium  viith  the  magnesium  chloride  and,  being 
located  in  it,  corrodes  energetically  and  forms  a  mixture  of  titanium 
dichloride  and  magnesium. 

^  study  of  the  kinetics  of  the  reduction  of  titanium  tetrach¬ 
loride  viith  magnesium  through  processing  the  curves  (i'igi^e  6),  which 
were  obtained  at  different  temperatures  and  rates  of  delivery  of  ti¬ 
tanium  tetrachloride,  showed  that  this  reaction  has  an  autocatalytic 
character  ^ —  the  apparentlvalue  of  the  ener^  of  activation  was  de¬ 
creased  with  an  increase  in  the  rate  of  delivery  of  titanium  tetrac¬ 
hloride  (Figure  8),  Metallic  particles  (nuclei)  of  titanium,  on  whose 
surfaces  occurred  the  interaction  of  titanium  tetrachloride  vdth  ma¬ 
gnesium,  which  determined  the  dendritic  character  of  the  structure  of 
the  sponge  titanium,  served  as  the  catalyzer  of  this  reaction. 

d.  An  Analytical  Interpretation  of  the  Processes  which  Take  Place  in 
the  Reactor 

If  one  makes  a  time  study  of  the  process  of  the  reduction  of 
titanium  in  the  reactor  and  constructs  a  curve  of  the  dependence  of 
the  specific  pressure  of  the  titanium  tetrachloride  (p)  on  the  rate 
of  its  delivery  (v),  then  it  can  be  expressed  by  the  simple  exponen¬ 
tial  function 

P  “  . 

where  p  -  is  the  specific  pressure  (millimeters  of  mercury  per  kilo¬ 
gram  of  TiCl, ),  V  -  is  the  rate  of  delivepr  of  TiClj;^  in  grams  per  min¬ 
ute,  A  and  n^-  are  constants  in  the  equation.  This  relationship  of  - 
processes  which  take  place  in  reducing  apparatuses  of  different  capa¬ 
city  is  presented  graphically  in  Figure  9.  Th®  values  of  the  constants 
of  the  equation  can  be  obtained  by  changing  the  form  of  equation  (22). 

-  The  curve  of  Figure  9  is  a  generalized  characterization  of  the 
processes.  The  section  of  the  curve  where  large  deliveries  of  titan- 
ivim  tetrachloride  cause  its  lowest  specific  pressures  in  the  reactor 
should  be  regarded  as  a  region  of  maximum  development  of  the  chemical 
process  where  the  titanium  tetrachloride  interacts  vdth  the  magnesium 
vathout  increasing  the  pressure  in  the  reactor.  If  the  process  of 
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reduction  in  the  reactor  were  to  be  carried  but  with  delivery  of  ti¬ 
tanium  tetrachloride  at  th^  rate  corresponding  to  this  region  of  the 
characteristic  curve,  then  it  would  be  possible  to  obtain  maximum 
productivity  of  the  reducing  apparatus.  On  the  other  hand,  the  sec¬ 
tion  of  the  curves  where  high  pressures  in  the  reactor  correspond  to 
low  delivery  of  titanium  tetrachloride  is  linked  withthe  region  of  the 
development  of  essentially  physical  phenomena  —  evaporation  of  titan¬ 
ium  tetrachloride.  If  the  process  in  the  vessel  takes  place  in  this 
region  of  values  of  the  rate  of  delivery  of  titanium  tetrachloride, 
then  only  the  process  of  evaporation  of  liquid  titanium  tetrachloride 
is  actually  going  on  in, the  vessel. 

The  rates  of  the  technological  processes  taking  place  in  appar¬ 
atus  of  different  capacity  occupy  an  intermediate  position  on  the  char¬ 
acteristic  curve  between  the  two  limiting  regions  possible  for  the 
course  of  the  processes .  The  degree  of  approximation  of  the  techno¬ 
logical  processes  to  conditions  close  to  a  process  which  would  take 
place  entirely  in  the  region  of  the  maxiumum  possible  productivity  Of 
the  apparatus  could  be  evaluated  bj/  the  index  of  the  IHS  (ispol'zova- 
nie  reaktsionnoy  sposobnosti  -  utilization  of  the  reaction  capacity). 
This  index  is  a  unique  kinetic  coefficient  of  the  "efficiency"  of  the 
reactor. 

The  IRS  index  and  the  duration  of  the  processes  are  linerly 
dependent.  ,  : 

Thus,  the  closer  the  conditions  of  carrying  on  the  process  ap¬ 
proximate  flat  portion  of  the  curve  (Figure  9),  the  less  the  duration 
of  the  processes  and,  consequently,  the  greater  the  productivity  of 
the  reducing  apparatuses, 

e.  The  reduction  of  Titanium  Tetrachloride  with  Metallic  Sodium 

At  present  about  30  per  cen  t  of  the  titanium  and  the  principal 
quantity  of  the  output  of  this  metal  in  England  is  produced  by  the  so¬ 
dium  thermal  method. 

Titanium  produced  by  the  sodium  emthod  was  first  obtained  in 
IS87  JJ^5l f  but  it  contained  a  significant  amount  of  admixtures.  Mal¬ 
leable  titanium  was  obtained  by  reducing  titanium  tetrachloride  with 
sodium  in  1910, 

In  the  Soviet  Union  research  on  the  reduction  of  titanium  te¬ 
trachloride  was , started  in  the  GIREDMET,  The  technological  principles 
of  this  process  were  worked  out  in  the  VAMI  ^d  in  the  institdB  of 
Metallurgy  of  the  Academy  of  Sciences,  USSR. 

The  use  of  metallic  sodium  as  a  reducing  agent  has  a  number  of 
advantages  over  magnesium,  including:  a)  the  low  termperature  at 
which  the  process  takes  place;  b)  the  possibility  of  delivering  the 
sodium  in  molten  state  to  the  reactor  due  to  its  low  melting  point; 
c)  the  insignificant  solubility  of  oxides  and  gases  in  it  (solubility 
of  oxygen  at  98-150  degrees  —  0.005  per  cent);  d)  more  conplete 
utilization  of  sodium  in  reduction  processes  95-99  per  cent  as  compared 
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vd.th  the  utilization  of  magnesium  —  80  -  85  per  cent,  wWch  is  ex¬ 
plained  by  a  different  mechanism  for  forming  sponge  titanium; 
nonhygroscopic  sodium  chloride  is  formed  in  the  process  of  reducing 
TiCl.,  which  permits  applying  the  hydrometallurgical  limit  of  the  re¬ 
action  mass  without  noticeable  deterioration  of  the  q'uality  of  the 
metal.  The  latter  advantage  is  basic  and  decisive  since  it  opens 
great  possibilities  for  utilizing  sodixm  as  a  reducing  agent. 

On  conq^aring  the  cost  of  sodium  and  magnesium  and  the  expendi¬ 
ture  of  electric  power  for  producing  them,  it  follows,  however,  that 
the  stoichiometric  expenditure  of  sodium  is  twice  the  expenditure  of 
magnesium.  If  one  takes  into  consideration  the  technological  coeff¬ 
icients  and  conpares  the  sodium  and  the  magnesium  thermal  processes, 
then  vdien  sodium  is  used,  the  cost  of  the  reducing_^agent  per  kilogram 
of  titanixm  produced  is  lowered  by  19  per  cent  This  decreases 

in  cost  cannot  play  a  decisive  role  at  the  present  stage  of  the  deve¬ 
lopment  of  the  metallurgy  of  titanium  inasmuch  as  titanium  still  has 
very  high  production  costs.  The  preferential  use  of  this  or  that  re¬ 
ducing  agent  will  be  determined  by  local  conditions  and  general  tech¬ 
nological  practices.  , 

With  the  growing  scale  of  the  titanium  industry,  it  is  essential 
to  bear  in  mind  that  magnesium  can  be  used  as  a  structural  mat eirial 
while  sodium  can  be  of  importance  only  as  a  metallic ^reducing  agent. 

A  study  of  the  processes  of  reducing  and  forming  sponge  titan¬ 
ium  by  the  sodium  thermal  method  was  made  in  the  Institute  of  Metall¬ 
urgy  of  the  Academy  of  Sciences,  USSR. 

This  research  showed  that  the  reduction  of  titanium  tetrachlor¬ 
ide  with  sodium  begins  at  160  degrees  (when  reactors  with  agitators 
are  used),  but  intensive  reduction  takes  place  under  these  conditions 
at  270  -  320  degrees. 

In  reactors  without  agitators,  the  process  of  reduction  begins 
at  450  degrees,  but  stops  soon  as  the  sodium  chloride  which  forms  in¬ 
terferes  with  the  fiirther  progress  of  the  process. 

Intensive  reduction  of  titanium  tetrachloride  with  sodium  should 
start  at  500  -  550  degrees,  and,  due  to  the  exothermal  nature  of  the 
process,  should  bring  the  temperature  up  to  the  desired  limit.  Metal¬ 
lic  titanium  can  be  produced  at  temperatures  markedly  lower  than  the 
melting  point  of  sodium  chloride  (801  degrees),  in  the  temperature 
range  801  -  880  degrees  (the  boiling  point  of  metallic  sodium)  and 
higher  than  the  boiling  point  of  sodium  (temperatures  about  880  degrees) 
by  reducing  the  titanium  tetrachloride  in  the  gaseous  phase. 

At  low  ten5)eratures,  metallic  titanixan  is  obtained  in  the  form 
of  a  fine  powder  which,  due  to  its  high  activity,  is  readily  oxidized 
in  the  air. 

The  mechanism  of  the  processes  of  reducing  and  forming  sponge 
titanium  in  sodium  thermal  reactors  is  somewhat  different  from  that  in 
the  reduction  of  titanium  tetrachloride  with  magnesium.  This  mechan¬ 
ism  varies  according  to  the  conditions  under  which  the  process  takes 
place,  when  the  sodium  chloride  is  formed  in  solid  and  liquid  form. 
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The  process  of  reducing  TiCl.  begins  at  the  surface  of  the  mol¬ 
ten  sodium  and,  forming  a  reaction  mss,  grows  higher  than  the  origi¬ 
nal  level  of  the  liquid  sodium. 

An  empty  space  forms  under  the  reaction  mass  which  is  filled 
with  sodium  vaporj  this  space  increases  as  it '  is  us^.  At  the  same 
time,  the  lower  edge  of  the  reaction  mass  remains  at  the  same  level 
relative  to  the  bottom  of  the  vessel,  independent  of  the  utilization 
of  the  titanium  tetrachloride. 

The  upper  part  of  the  reaction  mass  is  a ‘solid  porbus  mixture 
of  the  lower  chlorides  of  titanium  and  Sodium  chloride  while  the  lower 
part  is  metallic  titanium  and  sodium  chloride.  Individual  particles 
of  titanium  formed  in  the  reduction  process  are  not  covered  by  molten 
sodium;  this  expalins  the  predominance  of  fine  fractions  of  titanium 
fhQj  obtained  by  the  sodium  thennal  method. 


Size  of  particles 
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-20  -28  -  28 
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The  process  of  reducing  titanium  tetrachloride  in  the  range  of 
temperatures  up  to  801  degrees  begins  at  the  surface  of  the  molten 
sodium.  These  first  particles  of  titanium  sink  into  the  molten  sod¬ 
ium,  The  surface  of  the  liquid  sodium  is  covered  with  solid  products 
of  the  reaction,  sodixim  chloride  ^id  titanium,  which  form  the  reaction 
mass.  ' 

■Vaporized  sodium  diffuses  into  the  reaction  zone  throu^  the 
porous  layer  of  solid  products  of  the  reaction  which  reduces  the  lower 
chlorides  of  titanium  formed  on  the  surface  of  the  reaction  mass  as  a 
result  of  the  interaction  of  titanium  tetrachloride  with  metallic  ti¬ 
tanium.  After  the  sodium  is  distilled  off  at  temperatures  at  idiich  the 
titanium  particles  sinter,  the  titanium  is  easily  recovered  in  the  form 
of  a  very  fine  powder.  This  mechanism  of  the  processes  of  the  reduc¬ 
tion  and  formation  of  sponge  titanium  in  a  sodium  thermal  reactor  is 
determined  by  the  low  fusion  point  of  sodium,  its  high  vapor  pressures 
at  the  ten5)eratures  prevailing  in  the  process  and  the  formation  of 
solid  reaction  products  —  titaniiM  and  sodium  chloride , 

Athtemperatures  about  801  degrees,  when  the  sodium  chloride  is 
in  a  liquid  state,  the  formation  of  sponge  titanium  is  developed  on 
the  sides  of  the  vessel  and  in  many  ways  reminds  one  of  the  reduction 
of  titanium  tetrachloride  with  magnesium. 


-  90  - 


The  size  of  the  particles  of  sponge  titanium  obtained  at  high 
temperatures  is  increased,  and  the  processes  of  reduction  proceed 
more  intensively  than  those  of  the  reduction  of  titanium  tetrachloride 
with  magnesium. 

IV.  THE  PROCESSIN&  OF  THE  REACTION  MASS 

Follovd-ng  the  process  of  reduction  and  the  tapping  of  a  con¬ 
siderable  portion  of  the  magnesium  chloride,,  the  reaction  mass  hais 
the  following  composition:  titanium  65  ”  70  P®r  cent,  magnesium 
chloride  20  -  25  per  cent,  magnesium  10  -  20  per  cent,  and  some  qmn- 
tity  of  the  lower  oxides  of  titanium.  The  sponge  titanium  which  is  to 
be  sent  out  for  smelting  should  not  contain  more  than  0.1  per  cent 
magnesium  and  0,15  per  cent  chlorine. 

Decreasing  the  content  of  these  impurities  is  achieved  by  means 
of  processing  the  reaction  mass,  first  by  leaching  out  the  magnesium 
chloride  and  the  magnesium  with  acidified  water ,  The  technological 
pi-inciples  of  the  hydrometallurgical  procedure  for  processing  the  re¬ 
action  mass  were  worked  out  by  the  GIREDMET  and  introduced  in  the 
Podol ' sk  Plant . 

Significant  losses  and  deterioration  of  the  properties  of  met¬ 
allic  -titanium  take  place  in  the  hydrometallurgical  processing  of  the 
reaction  mass  in  connection  with  the  absorption  of  oxygen  and  hydro¬ 
gen.  At  one  time  the  industry  refused  this  reason  to  work  with',  hydro- 
metallurgical  processing  and  changed  over  to  vacuum  thermal  processing 
of  the  reaction  mass  (separation).  Theastudy  and  the  development  of 
the  principles  of  vacuum  thermal  processing  in  production  apparatuses 
were  carried  out  by  the  (HREDMET,  The  All-Union  Scientific  Research  In¬ 
stitute  for  New  Materials,  the  VAMI,  and  other  institutes  vrtiile  the 
mastery  of  the  industrial  technology  and  the  development  of  designs 
for  modern  apparatus  for  vacuum  thermal  processing  were  carried  out 
jointly  by  the  Podol 'sk  Chemico-Metallvu'gical  Plant  and  the  VAffl  and 
other  special  planning  and  research  institutes.  Systematic  research 
was  started  on  the  process  of  separation  in  the  Institute  of  Metallurgy 
of  the  Academy  of  Sciences,  USSR. 

A  generalization  of  the  results  of  the  research,  which  was  con¬ 
ducted  by  Candidates  of  Technical  Sciences,  A,  V.  Revyakin  and  V.  S, 
Mirochnikov  showed  that  the  qviality  of  metallurgical  titanium  is  es- 
entially  determined  by  painstaking  work  in  vacuum  thermal  processing. 

The  reaction  mass  is  exceedingly  hygroscopic.  Absorption  of 
moisture  by  the  products  of  reduction  takes  place  as  a  result  of  the 
interaction  of  magnesivim  chloride  and  the  lower  chlorides  of  titanium 
with  water.  The  compounds  MgCl2nH20,  where  n  varies  from  1  to  6, 
hydrochloric  acid,  and  meta-titanic  acid  are  formed  as  a  result  of 
hydrolosis.  If  special  measures  are  not  taken,  the  oxide  compounds 
will  interact  with  titanium  at  the  temperatures  of  the  vacuum  thermal 
processing,  forming  solid  solutions  of  oxygen  in  it.  This  lowers  the 
mechanical  properties  of  the  titanium  and  its  quality.  . 
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In  order  to  limit  the  hydrolysis  of  the  chlorides,  the  reaction 
mass  is  subjected  to  processing  on  specially-designed  machine  tools 
under  conditions  of  reduced  moisture  prior  to  being  sent  out  for  sep¬ 
aration.  This  low  moisture  is  created  in  special  "drying  chambers". 
Some  plants  acconqjlish  separation  of  the  reaction  mass  in  a  monolithic 
form.  It  was  established  by  studies  of  the  separation  of  the  reduc¬ 
tion  products,  both  in  chip  and  in  monolithie  form,  that  several  per¬ 
iods  can  be  distinguished  in  the  process  of  vacu^^m  thermal  processing, 
depending  upon  the  temperature,  which  are  characterized  by  the  progress 
of  certain  processes;  0  -  350  degrees  —  the  release  of  moisture; 

350  -  600  degrees  —  the  elimination  (essentially)  of  hydrogen;  650  - 
900  degrees  —  the  elimination  of  magnesium  and  magnesium  chloride. 

The  processes  are  completed  with  soaking  at  a  temperature  of  900  -  950 
degrees  to  reinove  the  remaining  quantities  of  magnesium,  magnesium 
chloride,  and  hydrogen. 

Changes  in  the  weight  of  the  reaction  mass  are  given  in  Table 

5. 

TABLE  5 


Loss  of  Weight  (Per  Cent) 

354  -  600°  601  -  900° 

1  3.32  1.25 

2  6,40  3.26 

3  5.54  1.63 

4  3.94  3.28 

The  first  period  is  distinguished  by  a  r  ismall  decrease  in  the 
vacuum  due  to  an  abundance  of  gas  (vapor).  After  200  degrees,  the 
change  in  weight  is  insignificant,  and  the  vacuum  remains  quite  low. 
C2ualitative  analyses  were  made  of  the  discharge  gases,  for  which  pur¬ 
pose  two  vacuima  tubes  separated  by  a  trap  cooled  with  liquid  nitrogen 
were  installed  on  the  exhaust  line.  The  first  tube  fixed  the  total 
pressure  (Pj)  and  the  second  —  only  the  hydrogen  pressure  (?£). 

The  results  of  the  studies  of  the  separation  of  the  reaction 
mass  (Figure  10)  showed  that  up  to  350  degrees  only  moisture  was  dis¬ 
charged  and  hydrogen  was  ndt  discovered  in  the  gaseous  phase.  Above 
350  degrees,  the  apparence  of  hydrogen  began  to  be  observed  in  the 
gaseous  phase,  and  the  amount  of  hydrogen  increased  sharply  with  higher 
ten^seratures . 

Above  480  degrees  (the  second  period  of  separation),  the  gaseous 
phase  consisted  almost  entirely  of  hydrogen.  If  we  compare  the  analy¬ 
sis  of  the  gaseous  phase  and  the  loss  of  weight  of  the  reaction  mass 
(Qj.p)>  then  in  the  region  of  the  discharge  of  moisttire  the  mean  loss 
of  Vreight  amounts  to  more  than  4.3  per  cent,  vrtiile  at  the  temperatures 
of  the  discharge  of  hydrogen  the  loss  of  weight  does  not  exceed  2.3 
per  cent.  A  comparison  of  the  figures  of  the  loss  of  weight  and  an 
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analysis  of  the  gases  discharged  during  separation  permit  one  to  con¬ 
clude  that  in  the  first  period,  up  to  350  degrees,  the  titanium  is  not 
oxidized  by  the  moisture,  and. above  480  degrees  (the  second  period  of 
separation),  the  moisture  is  obviously  completely  decomposed  by  the 
titanium,  forming  titanium  dioxide  and  hydrogen.  Since  only  the  mono¬ 
hydrate  of  magnesium  chloride  (MgCl2  .  H2O)  can  exist  at  temperatures 
above  350  degrees,  the  oxidation  of  titanium  takes  place  essentially 
through  the  decomposition  of  the  monohydrate  of  magnesium  chloride. 

If  one  could  succeed  in  completely  dehydrating  the  magnesium  chloride 
at  tenqjeratures  at  which  oxidation  of  the  titanium  would  not  take 
place,  then  it  would  be  possible  to  prevent  oxidation  of  the  titanium 
in  the  process  of  separation  at  high  ten^jeratures  and  there  would  be 
no  need  to  use  special  "dry  chambers"  for  processing  reaction  masses 
and  assembly  and  disassembly  of  the  reactors.  However,  the  studies 
showed  that  even  prolonged  soaking  in  vacuum  at  a  temperature  of  250 
degrees  did  not  succeed  in  completely  removing  mositure.  ,  _ 

In  the  second  period  of  separation  oxidation  of  sponge  titanium 
takes  place,  since  hydrogen  appears  in  the  gaseous  phase  at  a  tempera¬ 
ture  above  350  degrees  —  the  product  of  the  decon^josition  of  mositure 
and  the  oxidation  of  titanium. 

It  is  known  that  the  rate  of  absorption  of  hydrogen  by  titamum 
is  proportional  to  the  square  root  of  its  pressure;  consequently,  it 
is  possible  that  hydrogen  is  absorbed  by  sponge  titaniim  in  this  per¬ 
iod,  along  with  the  process  of  oxidation. 

Removal  of  metallic  magnesium  and  magnesium  chloride  (the  third 
period  of  separation)  begins  vdth  heating  the  reactionmmass  to  tempera¬ 
tures  above  600  degrees.  Study  of  the  evaporation  of  metallic  magnes¬ 
ium  and  magnesium  chloride  has  shown  distillation  of  these  components 
in  vacuum  begins  to  be  intensive  at  temperatures  of  550  -  580,  and 
650  -  680,  respectively. 

The  dependence  of  the  process  of  evaporation  of  these  components, 
both  in  the  pure  form  as  well  as  from  sponge  titanium  under  the  same 
conditions  for  carrying  out  the  processj  upon  tenperature  is  about  the 
same;  thus,  the  rate  of  removal  of  these  admixtures  from  the  reaction 
mass  is  determined  essentially  by  the  rate  of  their  evaporation  which, 
as  is  well  known,  depends  upon  the  intensity  of  the  heating  of  the; 
sponge  titanium  in  vacuum  thermal  processing  units. 

In  the  third  period  of  separation,  along  with  the  process  of 
evaporation  of  metallic  magnesium  and  magnesium  chloride ,  there  is  a 
process  of  crystallization  and  formation  of  sponge  titanium,  an  in¬ 
crease  in  size  of  the  particles  of  titanium  which  appeared  in  the  re¬ 
duction  period,  and  removal  of  a  certain  amount  of  hydrogen  at  temper¬ 
atures  around  900  degrees.  The  process  of  crystallization  and  forma¬ 
tion  of  sponge  titanium  proceeds  as  the  magnesium  is  being  removed, 
which  cements  the  particles  of  titanium  and,  along  with  magnesium 
chloride,  forms  the  conglomerate  that  is  called  the  reaction  mass. 

Diagrams  of  separation  apparatuses  with  upper  and  lower  conden¬ 
sers  were  shown  at  the  All-Union  Industrial  Exposition. 
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The  duration  of  the  processes  in  apparatuses  with  upper  and 
lower  condensers  v0±h  their  reaction  pots  in  upright  and  inverted 
positions  was  about  the  same.  The  studies  which  were  made  showed 
that  in  apparatuses  with  a  lower  condenser  the  rate  of  removal  of 
the  principal  part  (97  -  98  por  centj  of  the  admixtures  was  markedly 
higher  than  that  of  apparatuses  with  an  upper  condenser.  The  con¬ 
sumption  of  electric  power  per  unit  weight  of  titanium  was  somewhat 
lower  for  separation  in  inverted  pots  in  apparatuses  with  a  lower 
condenser  than  it  was  for  apparatuses  vdth  an  upper  condenser. 

Studies  showed  that  the  temperature  for  carrying  on  the  pro¬ 
cess  had  a  great  effect  on  its  duration.  It  was  determined  experi¬ 
mentally  that  the  same  degree  of  completeness  of  removal  of  magnesium 
was  achieved  in  half  the  time  at  925  degrees  that  it  took  at  900  de¬ 
grees. 

The  process  of  separation  is  completed  by  soaking  at  900  -  950 
degrees,  the  duration  of  which  has  a  great  influence  on  the  total  diar- 
ation  of  the  separation  process.  The  principle  amount  of  electric 
power  is  consumed  in  removing  the  very  small  remaining  quantities  of 
admixtures. 

Research  on  the  effect  of  the  vacuum  on  the  quality  of  the  sponge 
titanium  established  that  high  vacuum  does  not  noticeably  improve  the 
quality  of  the  sponge  titanium  and  does  not  increase  the  rate  of  sep¬ 
aration  which  is  essentially  determined  by  the  diffusion  of  the  metal¬ 
lic  magnesium  and  magnesium  chloride  contained  in  the  sponge  titanium, 
and  not  by  the  rate  of  diffusion  of  the  vapors  of  the  substances  in 
the  condensation  zone  , 

■  Processing  the  reaction  mass  by  the  vacuum  thermal  method  is  : 
expensive  and  requires  much  electric  power;  therefore,  research  with 
the  objective  of  perfecting  this  process  is  an  urgent  and  vital  task 
for  the  appropriate  institutes  and  enterprises .  Studies  conducted 
recently  have  established  that  as  a  result  of  the  application  of  cer¬ 
tain  improvements  in  the  hydrometallurgical  method  for  processing  the 
reaction  mass,  sponge  titanium  can  be  produced  which  is  eq^ual  to  the 
sponge  obtained  from  vacuum  thermal  processing  in  respect  to  the  amount 
of  gases  contained  in  it, 

A  number  of  suggestions  have  appeared  in  the  literature  on  sim¬ 
plifying  the  process  of  separation.  It  is  known  that  in  vacuum  thermal 
processing,  the  greatest  amo\int  of  time  is  used  in  distilling  off  the 
last  remaining  amounts  of  admixtures;  therefore,  a  two-stage  process 
is  suggested:  the  first  stage  —  vacuum  distillatiion  of  a  large  por¬ 
tion  of  the  metallic  magnesium  and  magnesium  chloride,  which  does  not 
involve  large  expendit vires,  and  the  second  stage  —  leaching  out  the 
sponge  titanium  which  is  almost  freeoof  magnesium  chloride.  Such  a 
combination  would  require  only  a  third  of  the  existing  machinery  for 
separation  and  a  small  amount  of  machinery  for  acid  processing. 

The  suggestion  of  combining  the  processes  of  reduction  and  sep¬ 
aration  in  a  single  apparatus,  a  model  of  vriiich  was  shown  in  the  All- 
Union  Industrial  Exposition,  is  of  interest.  Such  a  process  would  al- 


low  one  to  abandon  the  "dry  chambers” j  and  the  distillation  of  admix¬ 
tures  would  proceed  more  rapidly  in  it  on  account  of  better  heat  trans¬ 
fer  and  retention  of  the  majority  of  the 'capillaries  in  the  sponge 
undamaged,  through  which  the  ma^esium  climbs  up  into  the  zone  of 
interaction,  which  would  facilitate  liberation  of  the  admixtures  con¬ 
tained  in  the  reaction  mass. 


RESEARCH  IN  THE  FIELD  OF  TITANIUM  DIOAIDE  RECOVERY  FROM 
COMPLEX  TITANIUM-BEARING  RAW  MATERIAL 

B.  N,  Melent'yev,  Candidate  of  Geolo- 
gical-Mineralogi cal  Sciences  Institute 
of  Metallvirgy  imeni  A.  A,  Baykov, 

Pages  624  -  631  Academy  of  Sciences,  USSR 

At  present  the  world  production  of  titanium  dioxide  is  about 
600,000  -  700,000  tons  per  year,  of  which  the  United  States  accounts 
for  about  450,000  tons.  Two  thirds  of  the  entire  amount  of  titanium 
dioxide  produced  is  sent  to  the  pigment  industry  and  one  third  to 
other  branches  of  production  (fillers  for  rubber,  paper,  silk,  etc 
cetera) »  In  this  connection  research  in  the  field  of  production  of 
titanium  dioxide  has  seen  extensive  deveiofmi©nt,  . 

The  principal  tasks  faced  by  research  workers  were  essentially 
the  search  for  more  economical  methods  for  processing  the  raw  material, 
new  tyfJes  of  pigments,  and  also  included  studies  of  their  properties. 

The  literature  available, on  these  problems  is  represatited  by  patents 
and  different  descriptions  of  technological  processes.  Therefore, 
many  probleans  in  regard  to  phase  equilibrium,  solubility  of  titanium 
compounds,  and  the  study  of  their  physico-chemical  properties  have  re¬ 
ceived  inadequate  elucidation. 

Up  to  the  present,  the  production  of, titanium  dioxide  in  the 
.USSR  has  been  on  a  small  scale.  Therefore,  the  research  done  on  the 
oxygen  compounds  of  titanium  has  not  acquired  its  deserved  development. 
However,  a  number  of  circumstances,  also  the  character  of  the  titanium 
raw  material  in  the  USSR,  have  facilitated  the  development  of  physico-, 
chemical  research  on  the  production  of  double  sulfate  slits  of  titanium 
with  cations  of  monovalent  metals,  ,  ; 

The  discovery  in  1934  of  industrial  deposits  of  loparite  (a 
complex  titanoniobate  of  rare  earths)  and  knopito  (calcium  titanate 
which  contains  rare  earths  and  niobium)  in  the  Kola  Peninsula  attracted 
the  attention  of  many  research  workers  to  it.  A  great  amount  of  work 
in  this  direction  was  done  by  A.  Ye,  Fersman  /~lj^.  He  interested  the 
principal  research  organizations  in  the  new  type  of  titanium  raw  mat¬ 
erial  —  the  NIILK _^auchno-lssedovatel'skiy  institut.  lakokrasochnoy 
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promyshlennosti  -  Scientific  research  Institute  of  the  Pigment  Indus- 
tr^y#  the  GIPKh  /Gosudarstvenn;^  institut  prikladnoy  khimii  -  State 
Institute  of  Applied  Chemistr^,  and  a  number  of  institutes  of  the 
Academy  of  Sciences.  Therefore,  much  research  had  been  done  in  the 
USSR,  in  contrast  to  the  situation  abroad,  in  the  field  of  processing 
complex  titanium  raw  material,  in  partic\ilar,  the  ore  from  Kola  Pen¬ 
insula,  and  comparatively  little  had  been  done  on  the  processing  of 
ilmenite. 

Studies  have  been  started  in  recent  years  on  the  recovery  of 
titanium  dioxide  from  slags  whose  production  was  organized  on  ilmen¬ 
ite  concentrates  from  different  ore  deposits  and  also  on  titanomange- 
tite. 

The  production  of  titanium  dioxide  from  ilmenite  suffers  from 
a  number  of  shortcomings:  the  large  outlays  for  the  sulfuric  acid  w 
which  goes  into  the  formation  of  iron  sulfate;  prior  to  hydrolysis 
of  the  titaniian  s^lLfate  to  free  the  titanium  solutions  from  iron,  it 
is  necessary  to  freeze  the  latter  (in  the  form  of  its  heptahydrated 
sulfate),  after  which  the  titanium  solutions  are  concentrated  by 
evaporation.  Thus,  the  production  of  large  amounts  of  titanium  dio¬ 
xide  will  bring  about  the  accimaulation  of  heptahydrate  iron  sulfate, 
for  which  no  market  is  asstired.  It  is  possible  to  obtain  3«1  tons  of 
this  product  for  every  ton  of  titanium  dioxide.  Therefore,  the  dir¬ 
ect  processing  of  ilmenite  concentrate  with  sulfuric  in  the  amount  of 
1,1  tons  per  ton  of  titanium  dioxide  in  addition  to  the  iron  contained 
in  the  concentrate.  It  should  be  noted  that  2.58  tons  of  concentrate 
(Ti02  content  of  43  per  cent)  and  4.10  tons  of  sulfuric  acid  (mono¬ 
hydrate)  are  consumed  per  ton  of  titanixan  dioxide  produced.  The  waste 
sulfuric  acid,  containing  310  grams  per  liter  of  H2S02j^  and  Z|1  grams 
per  liter  of  iron,  yields  poorly  to  regeneration. 

Studies  made  by  M.  L.  Borodina  and  co-workers  (GEPI-4  /Trans¬ 
literated,  meaning  of  the  abbreviation  is  not  knov^)  in  the  field  of 
processing  titaniim  slags  and  extracting  titanium  dioxide  from  them 
permits  one  to  compare  the  methods  of  producing  titanium  dioxide  from 
titanium  slags  and  ilmenite  concentrate.  The  solutions  obtained  aft  er 
the  titanium  siHfate  is  leached  out  are  such  that  there  is  no  further 
necessity  for  concentrating  them  prior  to  hydrolysis.  The  hydrolyzed 
sulfuric  acid  obtained  contains  324  grams  per  liter  of  H2SO,  and  only 
9.0  grams  of  iron,  thus  3^ elds  more  readily  to  regeneration:  The  com¬ 
plete  possibility  of  processing  slag  containing  42  -  55  per  cent  Ti02 
for  titanium  dioxide  has  been  established  in  addition  to  the  possibil¬ 
ity,  of  processing  slag  with  a  high  titanium  dioxide  content.  The  re¬ 
search  has  opened  new  prospects  for  the  use  of  slags  from  the  electric 
smelting  of  titanomognetite .  The  latter  is  very  important  since  the 
Soviet  Union  has  enormous . reserves  of  titanomagnetite  ores  whose  con- 
plex  processing  would  permit  the  recovery  of  iron,  titanium,  and  other 
accessory  elements. 

Thus,  the  problem  of  obtaining  titaniusj  dioxide  from  slags  is 
not  causing  any  fundamental  objections  from  the  technological  point  of 
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view  at  the  present  time. .  The  economy  of  the  use  of  the.  raw  material 
is  the  basic  problem  which  must  be  solved  when  selecting,  the  raw  ma¬ 
terial  for  titanium  dioxide  production.  The  variety  of  economic  and 
geographical  conditions  and  particularly  the  complexity^ of  the  raw 
material  in  the  Soviet  Union  permit  the  finding  of  solutions  in  every 
case  which  correspond  to  the  most  profitable  methods  for_ producing  ti¬ 
tanium  dioxide.  Therefore,  research  has  been  developed  in  the  field 
of  complex  utilization  of  titanium-containing  raw  material.^ _ 

Loparite,  perovskite,  and  titanite  concentrates  constitute  the 
most  complicated  types  of  complex  titanium  raw  material  in  the  Soviet 
Union.  The  study  of  methods  for  processing  them  was  undertaken  by 
the  State  institute  of  Applied, Chemistry,  the  Institutes  of  the  pig¬ 
ment  industry,  of  general  and  inorganic  chemistry,  of  rare_metals,  the 
VIMS  /Vesoyuznyy  institut  mineral 'nogo  syr’ya  -  All-Union  Institute 
of  Fiineral  Raw  Materials'/,  the  Institute  of  Metallurgy  of  the  Acadeny 
of  Sciences,  the  Urals  Ind  Kola  Branches  of  the  Acade^  of  Sciences 
(UFAN  and  KolFAN),  and  the  Planning  and  Research  Institute  tGIPI-A;. 

As  a  result  of  the  work  that  has  been  done,  there  are  at  pres¬ 
ent  a  number  of  methods  which  insure  not  only  the  extraction  ot  ti^ 
tanium  dioxide  from  these  concentrates,  but  also  the  recovety  of  the 
remaining  valuable  constituents.  A  number  of  methods  which  make  use 
of  sulfxiric,  nitric,  and  hydrochloric  acids  have  been  suggested  for 
the  processing  of  the  concentrates.  However,  the  difficulties  caused 
by  the  use  of  acid  methods  of  decomposition  have  not  been  completely 

solved  as  yet.  /  .  .  ^  ' 

P.  S.  Kindyakov  (lONKh)  Used  in  sulfuric  acid  first  to  decom¬ 
pose  loparite  concentrate  ^2/,  His  idea  — '  to  make  use  of  the  dif¬ 
ference  in  solubility  of  niobium  sulfate  and  titanium  siilfate  —  txir- 
ned  but  to  be  in?30ssible  in  practice  as  it  was  impossible  to  obtain 
niobium  concentrate  free  of  titanium  and  titanium  concentrate  free  of 


niobium. 

Subsequently  0,  M,  Gvozdeva  (SLREDMET)  suggested  the  decomposi¬ 
tion  of  loparite  concentrate  with  JO  —  80  per  cent  sulfuric  acid  at 
170  -  180  degrees  2^3-7 •  After  the  sinter  was  leached  out  ylith  watery 
a  certain  amount  of  titanyl  sulfate  was  added  to  the  solution  as  seed 
which  caused  the  entire  mass  of  titanium  to  crystallize  in  the  form  of 
titanyl  sulfate.  This  method  turned  out  to  be  quite  ineffectual,  even 
though  the  separation  of  titanium  andniobium  proceeded  considerably 
better  with  this  method  than  it  did  when  I,  S.  Kindyakov’s  method  was 

used,  '  .  . 

In  19/J.  V.  S.  Syrokomskiy  and  co-workers  suggested  a  method 
for  differential  hydrolysis  based  on  strict  regulation  of  the  pH  of 
the  solution,  in  which  part  of  the  titanium  is  in  the  trivalent 
state  Subsequently,  A,  I,  Ivanov  (VIMS)  continued  research 

in  this  direction,  applying  these  ideas  to  the  processing  of  pero¬ 
vskite  concentrates.  Due  to  the  low  coefficioit  of  recovery  of  nio- 
bium  and  the  large  admixture  of  titanium,  however,  these  meth^s  ^ 
were  not  extensively  developed  and  acquired  ho  practical  application. 
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Research  was  started  at  almost  the  same  time  in  the  KolFAK  and 
UFAN  on  the  processing  of  loparite  concentrate  by  fusing  it  in  a  bis- 
sulphate  alloy.  Ya,  G,  Goroshch0nko  (KolFAN)  £  suggested  fusing 
loparite  concentrate  in  a  mixture  of  molten  ammonium  sulfate  and  sul¬ 
furic  acid  £ i  and  N.  V,  Demenev  and  co-woekers  (UFAN)  in  a  mixture 
of  potassium  sulfate  and  sulfiffic  acid  £(>J •  The  research  done  in 
the  KolFAN  was  more  complete  and  included  large-scale  experiments . 

As  a  result  of  this  research,  three  methods  were  suggested  for  pro¬ 
cessing  complex  loparite  concentrate  with  90  -  92  per  cent  recovery 
of  titanium  dioxide,  75  -  80  per  cent  recovery  of  niobium  with  tanta¬ 
lum  (with  an  80  per  cent  niobim  product),  and  up  to  85  per  cent  re¬ 
covery  of  rare  earths.  At  the  same  time,  the  problem  of  regenerating 
spent  sulfuric  acid,  which  was  to  be  reclaimed  in  the  form  of  aunraonium 
sulfate,  was  solved.  In  the  first  case  the  method  repeated  the  gen¬ 
eral  outline  of  0,  M.  Gvozdeva's  method.  It  was  improved  by  Ya,  G. 
Goroshchenko  £ 5j  by  selecting  the  conditions  for  fusing  the  concen¬ 
trates  and  salting  out  the  titanyl  sulfate.  In  the  second  case,  the 
conditions  for  fusing  the  concentrate  were  selected  in  such  a  manner 
as  to  result  in  forming  double  ammonium  sulfate  salts  with  titanium 
—  (NH^)2Ti(S0. )q  and  niobium  NH,NbO(SO. )o*  Finally,  double  ammonium 
sulfate  salts  With  titanyl  (NH^)2Ti0(S0jJ)2H20  and  niobyl  NH,Nb0(S04)2 
can  be  obtained  under  certain  conditions  of  xusing  .  the  last  two 
salts  possess  different  solubility  in  aqueous  solutions  of  svilfuric 
acid  and  ammonium  sulfate,  which  permits  their  very  successful  produc¬ 
tion  in  a  pure  form.  Aft  er  the  double  salts  of  titanim  and  the  am¬ 
monium  sulfate  are  hydrolyzed,  titanium  dioxide  can  be  produced  which 
has  an  admixture  of  not  more  than  0,2  -  0.4  per  cent  of  niobium  pent- 
oxide  and  other  impurities  within  limits  of  0,3  per  cent.  The  UFAN 
method  £^J  which  is  based  on  the  use  of  pptassi^  sulfate  also  per¬ 
mits  obtaining  double  potassium  sulfate  is  regenerated  in  the  form  of 
metatitanic  acid  after  the  titanium  is  separated  out  by  hydrolysis. 

It  follows  from  the  foregoing  that  effective  acid  methods  have 
been  suggested  for  complex  processing  of  loparite  concentrates  with 
which  it  is  possible  to  recover  all  useful  constituents  of  the  concen¬ 
trates.  The  practical  use  of  these  methods  will  depend  on  technical 
and  economic  conditions;  and  the  possibility  of  applying  them  dnuld 
be  settled  separately  for  each  case. 

Methods  were  developed  at  the  same  time  for  acid  processing  of 
perovskite  concentrates .  It  should  be  noted  that  perovskite  raw  mat¬ 
erial,  like  the  loparite,  has  no  analogs  in  world  practice  of  exploi¬ 
tation  of  titanium  ores  and  thus  the  technology  for  processing  them 
from  mining  to  producing  titanium  dioxide  required  new,  original  meth¬ 
ods  for  processing.  The  method  developed  by  M.  A.  Shtern  (NIILK)  2~7_7 
and  I,  V,  Riskin  (GIPI-4)  based  on  t  he  decomposition  of  finely-groimd"” 
perovskite  concentrate  by  sulfuric  acid  in  the  presence  of  a  5  per 
cent  iron  powder  is  the  simplest  method  of  processing.  The  powder  is 
added  to  prevent  hardening  of  the  reacting  mass  and  to  reduce  part  of 
the  titanium  to  Ti3+  at  the  instant  it  is  leached  out.  After  the  ti- 
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tanium  sulfate  solution  is  concentrated  to  250  grams  per  liter  of 
K-Og,  metatitanic  acid  is  separated  out  of  the  boiling  solution,  by 
hydrolysis.  The  hydrolyzed  sulfuric  acid  can  be  regenerated  or, 
after  suitable  treatment  to  renderit  harmless,  sent  out  to  the  dump. 
Metatitanic  acid  is  converted  to  titanium  dioxide  by  heating.  With 
such  a  method  of  processing,  perovskite  concentrates  suffer  an  ir¬ 
reversible  loss  of  rare  earths  and  niobium  _/columbiiBj7  vdth  tanta¬ 
lum. 

Of  the  methods  which  permit  complex  utilization  of  the  valua¬ 
ble  constituents  of  perovskite  concentrates,  one diould  mention  the 
method  of  Ya.  0.  Goroshchenko  (KolFAN)  /~8  / .  The  author  and  M.  L. 
Borodina  subsequently  improved  and  simplifi^  this  method.  In  one 
case  the  method  was  based  on  the  fusion  of  perovskite  concentrates 
in  a  mixture  of  sulfuric  acid  and  ammonium  sulfate;  and  in  the  other, 
on  the  decomposition  of  the  concentrate  by  sxilfuric  acid  with  small 
quantities  of  ammoniuim  sid.fate  added.  In  the  first  method,  after 
separation  of  the  slices  ,  the  titanium  was  salted  out  in  the  form 
(NH^)pSO  Ti(S0^)2  while  the  niobium  remained  in  solution.  Subsequent¬ 
ly,  the  aforementioned  double  salt  was  subjected  to  hydrolysis  under 
conditions  analogous  to  the  production  of  metalitanic  acid  from  ti¬ 
tanium  sulfate.  As  a  result  of  further  processing  the  solution  ob¬ 
tained  after  separation  of  the  double  sulfates  of  titanium  and  ammon¬ 
ium,  it  is  possible  to  extract  the  titanivan  sulfate.  As  a  result  of 
further  processing  the  solution  obtained  after  separation  of  the  double 
sulfates  of  titanium  and  ammonium,  it  is  possible  to  extract  the  ti- 
tanim,  to  obtained  niobium  and  tantalvun  concentrates  containing  up 
to  60  -  70  pel*  cent  of  their  pentoxides,  and  also  rare  earth  concen¬ 
trates.  For  this  purpose,  the  solution  is  concentrated  by  evaporation, 
then  the  ammonium  ammonium  bisulfate  and  sulfuric  acid  are  almost 
wholly  distilled  out  at  200  -  220  degrees.  In  the  other  method, 
after  the  slimes  consisting  esseitnally  of  calcium  siilfate,  undecom¬ 
posed  minerals  and  silica  are  separated,  titanium,  niobium  with  tan¬ 
talum,  and  about  5  per  cent  of  the  rare  earths  go  into  solution.  The 
double  sulfates  of  titanium  and  ammonium  are  salted  out  of  this  solu¬ 
tion,  then  the  titanium  salt  is  processed  just  as  it  was  in  the  first 
case.  Subsequent  processing  of  the  niobium  solution  is  distinguished 
by  the  fact  that  the  niobium,  tantalum,  iron,  and  titanium  andmre 
earth  residues  are  precipitated  by  ammonia.  Then  the  hydrate  preci¬ 
pitate  is  dissolved  in  sulfuric  acid  and  processed  as  in  the  first 
case. 

In  addition  to  the  sulfate  processes  for  the  complex  utiliza¬ 
tion  of  perovskite,  B.  N.  Melent'yev  and  co-workers /~5_7  suggested 
a  nitric  acid  process  for  processing  it.  This  process  makes  use  of 
the  property  of  pervoskite  —  that  of  decomposing  in  nitric  acid  at 
its  boiling  point  and  at  higher  temperatures.  In  this  case,  slimes 
are  formed  which  consist  of  metatitanic,  and  niobic  acids,  silica, 
and  undecomposed  minerals.  The  calcium,  and  magnesium,  rare  earths, 
and  other  constituents  of  the  concentrates  which  are  soluble  in  the 
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acid  go  into  the  nitric  acid  solution.  The  slimes  can  be  processed 
with  the  sulfate  method,  producing  titanium  dioxide  and  niobium  con¬ 
centrates.  Concentrates  of  the  rare  earths  are  separated  out  of  the 
nitric  acid  solution  in  the  form  of  hydrates,  while  the  calcium  ni¬ 
trate  in  solution  is  converted  into  ammonium  nitrate. 

Such  a  method  of  processing  ensures  high  coefficients  of  re¬ 
covery  of  the  constituents  of  the  concentrates,  also  saving  the  ni¬ 
tric  acid  which,  after  doing  its  work  in  decomposing  the  perovskite, 
is  recivered  in  the  form  of  a  commercial  product  (calcium  nitrate  or 
ammonium  nitrate). 

A  metallurgical  process  for  working  with  perovskite  concentra¬ 
tes  suggested  by  K.  Kh,  Tagirov  and  co-workers  (IMET)  of  the  Academy 
of  Sciences,  USSR,  permits  the  use  of  titanomagnetite,  too.  The  pro¬ 
cess  is  based  on  the  elsctric  smelting  of  a  mixed  perovskite-titano- 
magnetite  concentrate,  transferring  the  titanium  into  slag  and  the 
niobium  into  case  iron.  Subsequent  treatment  of  the  cast  iron  in  a 
converter  yields  steel  and  niobium  slag,  from  which  the  niobium  can 
be  recovered  by  acid  processing.  Titaniimi  dioxide  is  recovered  from 
the  titanium  slag  with  sulfuric  acid. 

Several  methods  were  suggested  for  producing  titanium  dioxide 
and  pigments  of  various  colors  in  the  processing  of  titanite  concen¬ 
trates. 

Titanite  concentrates  can  be  pr’ocessed  into  titanium  dioxide 
with  the  aid  of  sulfuric  acid.  However,  the  large  consumption  of 
sulfuric  acid  and  the  large  quantity  of  tailings  formed  (gypsum) 
makes  this  type  of  raw  material  quite  unprofitable  for  the  producing 
of  titanium.  Still,  it  can  be  used  in  the  productipn.-df  the  ^so-called 
SILITAN  /Translator's  note:  English  equivalent  of  the  wordais  not 
known,  possibly  silitan_e7  (a  mixture  of  the  dioxides  of  titanium  and 
silica),  which  has  good  pigment  properties  and  is  capable  of  being 
colored  with  brganiz  dyes.  The  production  of  one  ton  of  SILITAN  re¬ 
quires  2  tons  of  titanite  concentrates  and  3  tons  of  hydrochloric 
acid . 

It  follows  from  the  foregoing  that  at  present  methods  have  been 
worked  out  which  permit  the  rational  ttilization  of  complex  titanium 
raw  materials  in  the  Soviet  Union. 

Important  work  has  been  done  in  the  study  of  the  properties  of 
titanium  sulfate  compounds, 

D.  L.  Motov  (KoIFAN)  made  a  detailed  study  of  the  (NHi )2S0a  ■ — 
TiOg  —  H2S0^  —  HgO  system  at  four  isotherms:  0,  20,  40,  and  80  de¬ 
grees.  During  this  research,  regions  of  stability  were  established 
for  the  compounds  (NH^^^)  Ti0(S0,  )  .  H^O,  (NH/^ )Ti0(S0.  )  ,  and  (NH.) 

temperature  points  for  changes  in  phase^were  discovered. 
The  conditions  for  forming  these  salts  were  established. 

Ya.  G.  Goroshchenko  (KoIFAN)  £ 5_7  was  first  to  direct  atten¬ 
tion  to  their  existence.  He  established  that  salt  of  the  composition 
(NH2^)2ti0(S0^)2«H20  was  stable  at  temperatures  below  40  degrees,  but 
its  anydrous  modification  (NH^)2Ti0(S0^)2  was  stable  at  temperatures 
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above  40  degrees.  While  studying  the  properties  of  these  salts  he 
established  that  the  salt  (NH.  )2Ti0(S04)  *  ^‘2°  represented  by 

isotropic  tetrahedrons  vdth  an  index  of  refraction  of  1.580,  The 
anhydrous  salt^  however j  has  anisotropic  <^and  /?*  modifications, 
of  which  the  modification  possesses  right  extinction  and  in¬ 
dexes  of  refraction;  along  Ng  -  1.70?  and  along  Np  -  1.600,^ 

The  f'  modification  is  represented  by  tetrahedrons  with  a 
large  angle  between  the  optical  axes  and  the  index  of  refraction  of 
N  1.629.  Salt  of  the  composition  (NH, )  Ti(S04)3  separated  out  of 
the  ammonium  sulfate  alloy,  or  specially  s^thesized,  decomposes  un¬ 
der  the  action  of  atmospheric  mositure  and  is  converted  either  into 
anhydrous  titanyl  sulfate.  When  heated,  the  salt  begins  to  decompose 
at  about  400  degrees.  Under  the  microscope  the  crystals  of  the  salt 
have  the  appearance  of  hexagons.  The  extinction  is  right,  Ng  =  1.754. 


and  Np  =  1,684.  _  _ 

Ya.  0.  Goroshchenko  also  obtained  the  following  double^ 

salts  of  titanium;  CaTi(S0. )„,  which  ^elds  isomorphous  substitutions 
with  (NH.  )  'a(S0.  )  .  The  stlt  TR  (S04L4Ti(S0,  )  crystalUzes  at 
temperatures  above-^200  degrees  in'^ammonium  sulfate  alloys  in  case 
rare  earths  are  present.  However,  formation  of  the  salt  of  the  con:5)S- 
ition  Rp(S0.  )  2Ti(S0.  )  where  R  —  TR3-'-,  f3+,  NH  f,  is  also  possible. 

The  gait  2(NH4)2S0,  .  3Ti0S0.  .  Ti(S0  >2  formed  uJnder  the 
same  conditions.  By  determining  the  number  of  transfers  for  (NH^)^ 
Ti(S0. )  ,  Ya.  G,  Goroshchenko  established  that  the  titanium  enters 
the  complex  ion  /TiO(SO.  )^2-. 

N.  V.  Demenev  and  co-vrorkers  /  6_7  studies  the  conditions  for 


crystallization  of  the  salt  2K2SO4  .  2Ti0S04  ,  5H2O  which  is  formed 
in  a  solution  containing  250  -  400  grams  per  liter  of  H^SO,  and  20  - 
30  per  cent  of  KgSO, .  They  also  established  the  form  or  the  crystals 
with  the  aid  of  an  electron  microscope  and  electron  diffraction  stu¬ 


dies. 


B.  Ye.  Boguslavskaya  and  0,  M.  Ottoraanovskaya  established 


in  50  -  60  per  cent  sulfuric  acid,  hydrated  metatitanic  acid  crystal¬ 
lizes  into  TiOSO  ,  2H2O  at  95  -  100  degrees.  The  very  same  compound 
was  obtained  by  Pamfilov  and  ivhudyskov  under  almost  analogous  condi¬ 


tions.  However,  Ya.  0,  Goroshchenko  states  that  a  slat  of  the  compo¬ 
sition  described  above  cannot  be  crystallized  under  these  conditions. 
Boguslavskaya  synthesized  colorless  cyrystals  Ti(S0, )2  .  4H  0  from  a 
sulfiiric  acid  solution  containing  potassium  flouride.  Other  oxygen 
compounds  of  titanium  were  studied  to  a  markedly  smaller  extent. 

When  studying  phosphates  of  titanixmi,  V,  I,  Spit sin  and  Ye,  A,  Ippb- , 
litova  /^12_/  came  to  the  conclusion  thet  they  did  not  have  crystal¬ 
line  structures  and  were  x-ray  amorphous.  They  established  that  pre¬ 
cipitated  titanium  phosphate  loses  water  during  heating  and  does  not 
yield  stable  compounds  of  stoichiometric  composition.  Titanium  phos¬ 
phate  calcined  at  1000  degree®  corresponds  approximately  to 
Metaphosphates  in  aqueous  solutions  do  not  yield  precipitates  with 
titanium  salts.  Pyrophosphates,  even  thou^  they  do  precipitate  ti-  . 
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tanixim,  are  readily  soluble  in  an  excess  of  the  precipitating  agent. 
Therefore,  the  authors  believe  that  the  is  absorbed  by  the  me- 
tatitanic  acid  and  the  amount  of  phosphoric  acid  trapped  vdll  depend 
essentially  on  the  method  of  preparing  the  titanium  gel. 

I.  N.  Belyayev  j/i3>  14,  15 ^  16/  and  co-workers  studies  dia¬ 
grams  of  f usability  (up  to  1100  degrees)  of  lead  titanate  with  fluo¬ 
rides,  silicates,  pyrophosphates,  and  carbonates  of  soidixam  and  po¬ 
tassium.  An  analogy  was  established  between  the  chemical  properties 
of  lead  titanate  and  barium  titanate.  They  did  extensive  research 
on  diagrams  of  the  f usability  of  barium  titanate  with  fluorides, 
silicates,  pyro-  and  metaphosphates,  metaborates,  chlorides,  moly- 
bdenates,  sulfates,  tungstates,  and  carbonates  of  the.ialkali  and 
some  divalent  metals.  It  was  established  in  this  manner  that  barium 
titanate  is  scarcely  soluble  in  the  majority  of  salt  alloys  of  Na, 

K,  Li,  Pb,  and  Ba.  At  the  same  time,  regions  of  separation  vrere  de- 
temnined  in  the  systems  under  study.  The  authors  established  that 
the  structure  of  barium  titanate  is  an  infinite  three-dimensional 
anion  of  regular  or  deformed  (TiO, )  octahedrons  with  a  titanixim  ion 
in  the  center.  Barium  titanate  is  capable  of  forming  solid  solutions 
with  silicates,  borates,  and  other  compounds  which  are  distinguished 
by  a  highly  polymerized  molecular  structure. 

B.  A.  Bron  and  A.  K,  Podnogin  2lZ7  synthesized  and  studies  the 
properties  of  aluminotitanate  —  AlTiOr,  For  if  they  found  a  high 
birefringence  Ng  2,06  and  Np  2.025j  melting  point  of  1890  -  10  de¬ 
grees,  specific  gravity  of  3,681  and  a  coefficient  of  thermal  e:q5an- 
sion  of  8  X  10~o  in  a  temperature  range  of  0  -  800  degrees.  The 
authors  recommend  aluminotitanate  as  a  substitute  for  quartz  in  many 
industrial  items. 

Studies  in  the  field  of  analysis  were  made  primaiiLy  of  metallic 
titanium.  The  colorimetric  reaction  with  hydrogen  peroxide  which  has 
been  widely  used  for  determining  the  presence  of  titanium  was  studied 
in  detail  by  A.  K.  Bobko  and  A.  I.  Volkova  /1b/ .  They  established 
that  wo  peroxide  compounds  are  formed  at  a  ratio  of  Ti  :  H„0  =1:1, 
One  of  them  is  colored  in  the  interval  from  3  to  6pH,^and  the 

other  is  colorless  at  Ph  5  and  higher.  The  authors  consider  that  the 
colored  peroxide  compound  of  titanium  is  addition  compound,  that  is, 
the  HgO  molecule  is  a  corrdinate  group.  On  the  other  hand,  the  color¬ 
less  compounds  contains  HO-  or  0"  ions  as  corrdinate  groups.  The 
calculated  dissociation  constant  for  the  colored  peroxide  titanium 
compound  %j_H202  x  10~4. 

A  number  of  methods  for  isolating  and  separating  iron,  molyb¬ 
denum,  vanadium,  and  titanium  with  ion— exchange  resins  was  suggested 
by  A.  M.  iuedvedev  a  and  L.  k.  Orlova,  G.  T.  Galdayan  j/IS?  used  an 
electriolytic  method  for  reducing  titanium  in  its  volumetric  analysis, 
B.  M,  Peshkova,  and  Z.  A.  Gallay,  Yu.  I.  Usatenko  and  G.  Ye.  Bekle- 
shova,  Z.  S.  tAikhina  ^9/  and  other  suggested  current  measuring  or 
polarographic  methods  be  used  for  analysis  of  titanium.  Yu.  A.  Chern- 
ikhov  and  co-workers  /l^/  published  their  studies  on  the  analysis  of 
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metallic  titanium  for  impurities.  Methods  for  spectral  analysis  to 
determine  impurities  in  metallic  titanium  were  suggested  by  Sh.  G. 
Melamed,  N.  S.  Sventitskiy,  K.  A.  Sukhenko,  and  others  /l^/. 

It  follows  from  the  brief  survey  presented  here  of  the  status 
of  research  in  the  oxygen  compounds  of  titanium  that  research  work  in 
this  field  has  not  attained  its  deserved  development  as  yet.  System¬ 
atic  studies  have  not  been  made.  In  connection  with  the  complex 


loparite  and  perovskite  ores  being  brought  into  industrial  e^loita- 
tion,  research  should  be  containued  on  the  double  and  triple  systems 
represented  by  (NHi  )  0,  K2O,  Na20,  H2SO,  ,  H^O,  TRgO, ,  CaO,  and  ^*^2* 

It  is  necessary  to  ointinue  the  study  or  the  phosphates  of  titanium 
since  they  can  form  the  basis  for  organizing  the  processing  of  pero¬ 
vskite  and  loparite  ores,  A  great  deal  of  research  should  be  done  to 
study  procedures  for  processing  titanium  slags  into  titanium  dioxide. 
Such  research  should  solve  not  only  technological  problems,  but  also 
those  which  are  connected  with  the  study  of  the  kinetics  of  dissolving 
the  slags  in  different  acids,  the  thermochistry  of  their  solution, 
and  the  formation  of  new  phases. 

It  is  essential  to  make  extensive  studies  of  ways  for  proces¬ 
sing  slags  vdiich  contain  U5  -  55  per  centTi02.  In  the  first  instance, 
it  is  necessary  to  study  the  possibility  of  concentrating  them  chemi¬ 
cally  in  order  to  obtain  a  product  containing  not  less  than  75  per  cent 


TiOg. 

In  all  cases,  it  is  necessary  to  study  the  phase  composition 
of  the  products  obtained  and  the  properties  of  the  phase  formed. 

Carrying  out  extensive,  organized  research  will  make  possible 
the  rapid  development  of  the  production  of  titanium  dioxide  in  the 
Soviet  Union, 
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